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consist of 705 kT of ore at 81 kT combined Pb/Zn. However the metallurgical recovery (floatability) of 
these reserves may be substantially lower than previously estimated due to the oxidation of hypogene ore 
following climatic adjustment (prevailing arid regime) during the last glacial maximum. Therefore whilst 
the identification of a secondary zone within the central mining field has been substantially documented 
by previous academics, with mineral assemblages correlating to a two-phase oxidation cycle following 
the decline in the regions palaeo-water table (illuvial zone), the irregularity of the orebody‟s geometry, 
mineralogy (internal stratification) and structural geology indicates that a simple paragenetic model 
cannot be applied over the entire mine sequence. As a result field-based observations, whole rock 
geochemistry and petrographic analysis were used to describe the mineralogical/elemental nature of the 
secondary zone within the southern mining district, relative to observations made by earlier academics 
within the central mining leases. These investigations further support the notion of two-phase oxidation 
cycle with samples within both the gossanous and complex carbonate zone of 2 Lens and B Lode 
exhibiting a diversification of secondary minerals within several morphological forms, relative to the 
overprinting of the palaeo-supergene blanket following redissolution. However in comparison with the 
central mining district the southern extent of 2 Lens and B Lode notably displays a less extensive 
secondary zone, with only an estimated 1681.53 t (2.076% of the reserve) of pre-existing hypogene ore 
having undergone oxidation to form secondary minerals (i.e. cerussite and smithsonite). This can notably 
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rocks and high grade zones have notably undergone partial to complete oxidation, forming a series of 
limonitic webwork/boxwork structures after cerussite. However based on the analysis of drill core these 
zones notably decline in abundance from between 33.0 and 53.0 m over a transitional redox barrier 
(~13.0 m) with the underlying hypogene ore. Therefore due to the low intensity and extent of the 
secondary zones related to both 2 Lens and B Lode the deposit has been further classified as a low risk-
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Abstract 
The Southern Operations (CML 8) is situated within the Curnamona Province of Western 
New South Wales, along the southern extent of the Giant Broken Hill Pb-Zn-Ag orebody. 
Previous estimates of the near surface reserves of both 2 Lens and B Lode between sections 
10 – 30 have been calculated to consist of 705 kT of ore at 81 kT combined Pb/Zn. However 
the metallurgical recovery (floatability) of these reserves may be substantially lower than 
previously estimated due to the oxidation of hypogene ore following climatic adjustment 
(prevailing arid regime) during the last glacial maximum. Therefore whilst the identification 
of a secondary zone within the central mining field has been substantially documented by 
previous academics, with mineral assemblages correlating to a two-phase oxidation cycle 
following the decline in the regions palaeo-water table (illuvial zone), the irregularity of the 
orebody‟s geometry, mineralogy (internal stratification) and structural geology indicates that 
a simple paragenetic model cannot be applied over the entire mine sequence. As a result field-
based observations, whole rock geochemistry and petrographic analysis were used to describe 
the mineralogical/elemental nature of the secondary zone within the southern mining district, 
relative to observations made by earlier academics within the central mining leases. These 
investigations further support the notion of two-phase oxidation cycle with samples within 
both the gossanous and complex carbonate zone of 2 Lens and B Lode exhibiting a 
diversification of secondary minerals within several morphological forms, relative to the 
overprinting of the palaeo-supergene blanket following redissolution. However in comparison 
with the central mining district the southern extent of 2 Lens and B Lode notably displays a 
less extensive secondary zone, with only an estimated 1681.53 t (2.076% of the reserve) of 
pre-existing hypogene ore having undergone oxidation to form secondary minerals (i.e. 
cerussite and smithsonite). This can notably be attributed to substantial sulphide armouring of  
enclosing siliceous (low grade blue quartz lode) and metasedimentary units within both the 
clastic calc-silicate and garnet quartzite horizon, in relation to the orebody‟s plunge 20° to the 
south (gradual increase in overburden). Whilst localised increases in the extent and intensity 
of the secondary zones can be further correlated to the transgression of several shear zones 
which trend coplanar to the orebodies (i.e. E1SZ and BLSZ) in which both adjoining wall 
rocks and high grade zones have notably undergone partial to complete oxidation, forming a 
series of limonitic webwork/boxwork structures after cerussite. However based on the 
analysis of drill core these zones notably decline in abundance from between 33.0 and 53.0 m 
over a transitional redox barrier (~13.0 m) with the underlying hypogene ore.  Therefore due 
to the low intensity and extent of the secondary zones related to both 2 Lens and B Lode the 
deposit has been further classified as a low risk-high yield reserve.
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1.0 Introduction & Background Information  
1.1 Introduction: Perilya Limited’s Southern Operations 
The Giant Broken Hill Pb-Zn-Ag orebody represents one of the richest accumulations of 
base metal deposits in the world, originally consisting of a global reserve of 257 Mt at 
7.9% Pb, 8% Zn, and 108 g/t Ag (ground value of a $160 billion dollars) (Laing 1996). 
After 127 years of mining, remnant mining (i.e. longhole open stoping and pillar 
extraction) continues today in areas such as the Southern Operations (CML 8) (Figure 1.2) 
after being purchased by Perilya Limited from Pasminco Mining in June 2002 (Figure 
1.1). Previous production estimates exceed 2.03 Mt of ore per annum (June 2005 – June 
2006) at 4.2% Pb, 7.6% Zn and 45g/t of silver, with concentrates representing an 87% and 
91% recovery rate of lead and zinc respectively (Mroczek 2006). Based on current 
reserves the mine life is estimated to exceed six years, however Groves & Mroczek (2003) 
suggest that additional exploration  including the definition of quality targets proximal to 
the mine‟s infrastructure (low risk – high yield) and the establishment of a robust 
framework from which to base resources and reserves, mine planning/scheduling (stope 
design) and future cash flow predictions (mine-mill reconciliation) are key in 
extending/maximising the mines efficiency and life expectancy.  
 
 
 
Figure 1.1 Aerial Photograph showing the NE-trending Line of Lode and the consolidated 
mining leases of Perilya Limited‟s Northern (currently under care and maintenance) and 
Southern Operations (from Manly 2003). 
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1.2 Significance of Research  
Current near surface reserves (i.e. 2 Lens and B Lode) between sections 10 – 30 within the 
Southern Operations (CML 8) have previously been estimated by Perilya Limited to 
consist of approximately 705 kT of ore at 81 kT Pb/Zn. However the metallurgical 
recovery (floatability) of these reserves may be substantially lower than previously 
estimated due to the subsurface leaching/remobilisation (hydrolysis and oxidation) of 
primary sulphides (i.e. galena and sphalerite) to secondary minerals (i.e. cerussite and 
smithsonite). As a result this study aims to both investigate the extent/morphology of the 
weathering profile (processes of alteration) and comparatively analyse changes/zonations 
in mineralogy within the secondary (eluvial) zone, relative to those observed by earlier 
academics within the central mining district (CML 7). Further analysis will also be 
conducted including the quantification of secondary minerals within the weathering profile 
of both 2 Lens and B Lode, in order to reduce the metallurgical uncertainty and viability 
of these reserves (blend/campaign processes) prior to mining. 
 
1.3 Aim & Objectives 
The overall aim of the project is to investigate the extent of the weathering profile 
associated with 2 Lens and B Lode within the Southern Operations, whilst describing the 
nature/alteration of the mineralogy associated with the hydrolysis and oxidation of 
primary sulphides in near surface reserves. To achieve this, the project has been 
subdivided into several objectives including: 
1- Investigate the extent and intensity of the weathering profile throughout the 
stratigraphy hosting 2 Lens and B Lode between sections 16 – 26, through the 
analysis/logging of 18 pre-selected surface diamond drill holes (DDH‟s). 
2- Establish an associated relationship between each DDH in relation to distinct 
horizons/zonations including the leached capping (eluvial zone), redox barrier and 
supergene/carbonate enrichment zones overlying the primary hypogene ore.  
3- Relate these zonations to distinct changes in Pb, Zn, Cu, Fe, Pb/Zn oxide, trace 
elements and major elemental oxide concentrations, defined by both assaying and 
XRF analysis of key areas of interest (AOI‟s).  
4- Define the primary mineralogical features/trends associated with the orebody‟s 
secondary zone, and their relation to both earlier observations made by academics 
in the central mining district and the regions structural geology.  
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5- Assess the viability of these reserves including the accurate quantification of 
effected ore and how this may affect the actual metallurgical recovery. 
 
1.4 Location & Geography 
Perilya Limited‟s Southern Operations (CML 8) is situated 315m ASL within the Barrier 
Ranges (latitude 31˚58‟S, longitude 141˚285‟E) of New South Wales (~500 km NE from 
Adelaide), and is located within the historical township of Broken Hill (Morland & 
Webster 1998). In relation to Figure 1.2 consolidated mining lease 8 refers to the southern 
extent of the Line of Lode (Figure 1.1), with additional CML‟s including the CBH Rasp 
Mine (CML 7), Northern Operations (CML 4) and Potosi Mine site (CML 5) (Figure 1.2) 
occurring locally along the NE-trending mine sequence. However additional exploration 
tenements including the Little Broken Hill, Pinnacles and Stirling Vale sites have been 
noted to extend further into remote areas of the Curnamona Province (Manly 2003). 
Access to these sites is viable by all modes of transport including road (Silver City or 
Barrier Highway), rail (Great Southern Railway) and air (Broken Hill Airport). 
 
 
Figure 1.2 General Arrangement plan of the consolidated mining leases within the Broken 
Hill District (from Webster 2004). 
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1.5 Regional Climatology 
Under the Kőppen climate classification scheme Broken Hill is defined as an arid climate 
displaying a low average rainfall of  200 – 250 mm per annum (~ 9 mm in summer), with 
summer (November to March) temperatures exceeding 40 ºC (104 ºF) and 25% humidity 
(high rates of evaporation >2800 mm/year) (Lewis et al. 2008). However during seasonal 
variations such as winter these temperatures fluctuate to more mild weather conditions. 
Whilst dust storms have been noted to be a common occurrence in more arid regions, the 
establishment of a vegetation buffer zone (termed the „green reserves‟) around the 
township of Broken Hill has limited the severity of these occurrences (Gustafson et al. 
1950). 
 
1.6 Analytical Methodology 
This project collaborates field-based studies and analytical techniques, relative to 
background literature on the defined study area. Preliminary data supplied by Perilya 
Limited has also been utilised where relevant including diamond drill hole (DDH) (i.e. 
lithology logs and assaying data) and Vulcan datasets. Whilst the collection of samples 
throughout the field work period were mostly selective, focused on key defined horizons 
within the secondary zone in order to effectively establish trends relative to the 
mineralogical genesis of the upper (eluvial zone) and lower (illuvial zone) stratigraphy. 
The processing and analysis of these samples was later undertaken at the University of 
Wollongong through the use of both petrographic (i.e. microscopy and XRD analysis) and 
geochemical techniques (i.e. XRF analysis). The methodology for each of the following 
techniques is further described below, with the results from each method tabulated in 
Section 6.0.  
 
Field Work 
Field work was undertaken over an 8 week placement at Perilya Limited‟s Southern 
Operations in which 16 out of the18 preselected DDH‟s (Table 1.1), totalling 2540 m were 
re-logged and assayed for secondary Pb/Zn minerals. In order to accurately define the 
extent of the weathering profile each section was delegated a minimum of three DDH‟s, 
with an interval distance of ~20 m between each chainage. Based on the logging data (see 
Appendix B), the estimated depth of oxidation for each DDH was then input into Perilya 
Limited‟s Vulcan database in order to define both the geometry of the weathering profile 
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relative to the orebody‟s structural geology (i.e. local shear zones) and further quantify the 
overall amount of near surface ore within the oxidation zone.  
 
Table 1.1 Tabulated details of the preselected diamond drill holes (DDH‟s) for the study 
area, including relevant details related to the chainage, lode/lens intersected, overall length 
(E.O.H) and current status. 
 
Section DDH Intersected Lode/Lens E.O.H (m) Status 
16 8394 B Lode 230.00 Logged & Assayed 
16 8392 B Lode 249.00 Logged & Assayed 
16 6118A 2 Lens & B Lode 164.00 Logged & Assayed 
19 Z2812 B Lode 145.00 Not Located 
19 6135 2 Lens & B Lode 111.00 Not Located 
19 6635 B Lode 86.00 Logged & Assayed 
20 6159 2 Lens & B Lode 167.00 Logged & Assayed 
20 6170 2 Lens & B Lode 116.00 Logged & Assayed 
20 7099 B Lode 80.00 Logged & Assayed 
22 6677 2 Lens 122.20 Logged & Assayed 
22 6191 2 Lens & B Lode 127.10 Logged & Assayed 
22 7015 2 Lens & B Lode 121.50 Logged & Assayed 
24 6197 2 Lens & B Lode 150.00 Logged & Assayed 
24 6196 2 Lens & B Lode 128.50 Logged & Assayed 
24 6626 2 Lens & B Lode 113.30 Logged & Assayed 
26 6201 2 Lens 192.00 Logged & Assayed 
26 6219 B Lode 167.20 Logged & Assayed 
26 6734 B Lode 70.00 Logged & Assayed 
 
Vulcan 
The definition of the orebody‟s weathering profile and further quantification of the overall 
amount of near surface ore within the oxidation zones of 2 Lens and B Lode was 
completed using Maptek‟s Vulcan software. These processes have been subdivided into 
two main phases and include: 
 
1- Creating a Surface and Solid Triangulation: Interpreting Logging Data 
The utilisation of logging data (see Appendix B) including the estimated extent of 
oxidation and weathering (leaching/hydrolysis) downhole for each DDH, was mapped in 
Vulcan via the creation of multiple 3D points (Cartesian coordinate system). These points 
were then linked using the polygon tool for each section, in which the development of a 
single surface triangulation (TIN) was then formed by linking each segment in sequence 
(Figure 1.3). An additional secondary model (solid surface) was then created for the 
oxidation zone by enclosing each individual polygon with the existing surface digital 
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terrain model, and then linked by sequentially selecting each chainage (i.e. section 16 – 
26). Once this was complete additional models including local shear zones (BLSZ and 
E1SZ) and orebodies (2L and BL) within the AOI were then uploaded from Perilya 
Limited‟s existing database and clipped using the multi-Boolean function (Figure 1.3). 
The analysis of these structures and orebodies relative to the extent/geometry of the 
secondary zone has been further detailed in Section 3.3 and Appendix A. 
 
Figure 1.3Screen shot of the Vulcan model depicting the extent of oxidation (red) and 
leaching (blue), relative to 2 lens (turquoise), B Lode (gold), East 1 Shear Zone (pale blue) 
and the B Lode Shear Zone (yellow). 
 
2 - Calculating the Tonnage of Ore:  
Using the clipped orebodies (i.e. 2 Lens and B Lode) the solid surfaces were then run 
through Perilya Limited‟s block model in order to define the grade/value of Pb, Ag and Zn 
within oxidation zone. Critical components acknowledged within the block model include: 
 The calculation of ore tonnages are estimated by multiplying the volume of the 
orebody by the specific gravity of the rock type encountered/intersected by each DDH. 
Therefore in-situ specific gravity averages vary and are ultimately calculated by an 
estimation script. 
 Grades are estimated by an ordinary kriging method, with individual estimation 
parameters set for each geological domain (e.g. 2L and BL) and additional sub-
domains based on the relationship between major structures (e.g. E1SZ and BLSZ). 
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However it should be noted that these methods have limitations and therefore should be 
taken into consideration when analysing results from the study, these include: 
1- Existing drill core utilised in the study for the assaying of secondary lead and zinc 
minerals (Appendix C) have notably been exposed to post-drill related weathering 
for over 10 years. As a result both assay results and tonnage calculations detailed 
in Section 3.6 may not represent current in-situ concentrations. 
2- Calculations including the logging of the systems oxidation zone, assaying pre-
selected DDH‟s and the estimation of ore tonnages have only been studied  
between sections 16 – 26 and therefore do cover the total study area detailed in 
Section 1.3 (sections 10 – 30). As a result the current estimated quantities (i.e. 
Pb/Zn oxide percentages and the overall tonnage of combined Pb/Zn ore) in 
Section 3.6 may be substantially lower than the actual amount, as sections 10 – 16 
and 26 – 30 have yet to be analysed.  
 
Polished blocks & thin-sections 
Nineteen polished thin-sections and three polished blocks were prepared at the University 
of Wollongong and analysed for primary and secondary sulphides, associate textures and 
additional minerals related to the oxidation and hydrolysis of primary galena and 
sphalerite (marmatite). Photomicrographs were taken using a Leica DM2500 petrology 
camera, mounted on a petrographic microscope at the University of Wollongong. The 
interpretation of these images has been further discussed in Section 3.4 and Appendix E.  
 
Geochemistry 
Geochemical analysis of 16 preselected DDH‟s (Table 1.1) was conducted through Perilya 
Limited‟s existing service provider (Onsite Laboratory Services), in which half core was 
analysed for major elements including Pb, Zn, Cu, Ag, Fe, and Pb/Zn oxides. Sample 
intervals for each DDH were selectively based on lithology boundaries and have been 
highlighted in Appendix B. The assaying results of each sample interval have been 
expressed as a percentage weight (excluding Ag) and have been tabulated in Appendix C. 
In addition to the assaying of half core, samples taken from several horizons within the 
regolith profile of both 2 Lens and B Lode have been sampled using a Niton handheld 
XRF gun (UOW-based study) to identify both major elemental oxides (given as a weight 
percentage) and trace elements (given in ppm). These findings have been further tabulated 
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in Appendix D, with further correlation (i.e. mineralogical trends) between assay results 
highlighted in Section 3.5. 
 
X-Ray Diffraction (XRD) 
An additional twenty two samples were analysed using x-ray diffraction (XRD) at the 
University of Wollongong. Samples (<50g) were initially pulverised using a chromium 
ring mill, after preparation a Phillips 1150 PW Bragg-Brentano diffractometer using Cu  
radiation was then used to determine the diffraction patterns for each sample. Diffraction 
peaks were identified using TRACES 4 software, with mineral identification from the 
defined peaks completed using the SIROQUANT software (user defined minerals). These 
findings are tabulated in Section 3.3 and have been used in comparison with findings from 
Section 3.4 to form the basis of the discussion and concluding statement. 
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2.0 Regional geological setting and background 
2.1 The Broken Hill Domain 
The Giant Broken Hill Pb-Zn-Ag orebody is hosted within the Palaeoproterozoic Hores 
Gneiss (1685 ± 3 Ma) and forms part of the upper Broken Hill Group (unit 4.7) within the 
Willyama Supergroup sediments (~1720 – 1640 Ma) (Stevens et al. 2008). The 
Supergroup occupies the southern portion of the Curnamona Province, forming a series of 
partially faulted, unconformable-bounded basement cored anticlines and dome structures 
within the Neo-Proterozoic sediments (Adelaide Geosyncline), which later eroded 
producing the Broken Hill, Euriowe, Poolmaca, Mt Woomoolahra and Nardoo Inliers 
(Figure 2.2) (Conor & Preiss 2008). Additional modelling of the geodynamic history of 
the region by Betts and Giles (2006) indicates that the Curnamona Province (~50,000 km²) 
once formed part of the short lived Meso-Proterozoic Rodinia supercontinent (2500  – 500 
Ma) linking the truncated Australian lead-zinc belts (metallogenically correlated with 
time-equivalent provinces) until ~1470 Ma (Diamantina Orogen) when the crustal block 
was rotated ~52°  (Figure 2.1) such that the western margin of the Curnamona Province 
originally faced south (Betts & Giles 2006; Giles et al. 2002). As a result this suggests that 
the Willyama Supergroup formed coeval with the northern basins including the McArthur 
River, HYC, Century, Mt Isa and Cannington deposits (Conor & Preiss 2008). 
 
 
Figure 2.1(a) Schematic reconstruction of Proterozoic Australia. (b) Schematic transect 
depicting the tectonic setting of northeastern Australia at ~1800-1600 Ma, in which the Mt 
Isa Inlier is situated within a far-field continental back-arc complex and is consider to be 
analogous to the setting of the Broken Hill Block at this time (from Forbes et al. 2008). 
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Analysis of the stratigraphy within the Broken Hill Domain indicates that the Willyama 
Supergroup (Figure 2.3) consists of a 6 – 9 km thick assemblage of poly-deformed 
siliclastic metasediments, minor chemical sediments (i.e. BIF‟s, garnet and quartz-gahnite 
rich rocks), syn-depositional and syn-to post-orogenic magmatic rocks, including S-type 
granitic intrusions which formed coeval with Broken Hill-type mineralisation (~1685 Ma) 
(Stevens et al. 1988; Stevens et al. 2008; Wright et al. 1993). Based on the surrounding 
lithostratigraphy and geochronology Stevens et al. (2008) has regarded these units as 
being deposited within an ensialic/half-garben rift (epi-continental rift basin) setting, in 
association with an east-west extensional growth fault complex which formed as a result 
of slab-rollback (tectonic switch) of the Gawler Slab east of the Curnamona Province 
(Forbes et al. 2008; Greenfield 2003; Preiss 2009). The subduction angle has been 
interpreted by Forbes et al. (2008, p.347) to have been shallowed in “response to 
anomalously buoyant material (e.g. oceanic plateau) arriving at the site of subduction”, 
followed by subduction hinge advance (Figure 2.1). To the east and proximal to the ridge 
axis, sedimentation was more complete as a result of thinning of the underlying 
lithosphere, enabling the Thackaringa (~1705 – 1695 Ma), Broken Hill (~1695 – 1685 
Ma) and Sundown Groups (~1685 – 1670 Ma) (Figure 2.3) to be deposited  upon a 
continental substrate during episodic syn-rift sedimentation, elevated bimodal (felsic-
mafic) magmatism, marine transgression and the  initiation of sublacustrine hydrothermal 
convective cells (1720 – 1640 Ma) (Stevens et al. 2008; Page et al. 2005). 
 
The deposition of these units has been suggested to represent a transitional setting in 
regards to marine transgression, with the lower members inferred by Stevens et al. (1988; 
2008) to represent a fluvio-deltaic/lacustrine or coastal sabkha (alkaline sodic 
environment) complex evident via the presence of albitised metasediments (Thackaringa 
Group sediments), delta-front sands, silts and minor intercalated dolomitic marl facies 
(Ettlewood Calc-Silicate Member) (Dyson 2005; Greenfield 2003). Whilst the upper 
Willyama successions have been considered to represent a transgressive shallow marine 
setting inclusive of more strongly magnetic quartzo-feldspathic sediments and locally 
graphitic/pelitic rich rocks, which have been regarded by Stevens et al. (1988) to represent 
a rift morphology similar to the present day Salton Sea however this is inconclusive 
(Greenfield 2003; Stevens et al. 2008).The formation of these units have notably been 
derived from progressive subsidence and subsequent sag/platform phase sedimentation, 
with the delineation of original tectonic regimes during earlier Meso-Proterozoic 
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metamorphic events (directly after the cessation of sedimentation in ~1640 Ma) resulting 
in both the overprinting of reactivated shear zones (i.e. D₂, D₃ and the Olarian/Delamerian 
Orogeny), resetting of isotope signatures and the recrystallisation of radiogenic minerals 
during peak amphibolite-granulite facies metamorphism (Forbes et al. 2004). As a result 
the mineralisation setting (i.e. post-tectonic, pre-tectonic or syn-tectonic models), ore-
forming processes (i.e. magmatic convection, exhalative sea-floor precipitation and/or 
compactive expulsion) and geochronology of the associated lenses and lodes of the 
Broken Hill Pb-Zn-Ag orebody have been highly controversial and debated issues.  
 
 
 
Figure 2.2 Domains of the Curnamona Province (from Preiss 2009). 
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2.2 The Lithostratigraphy & Geochronology of the Hores Gneiss 
The Hores Gneiss (1685 ± 3 Ma) conformably (sharp/planar surface) overlies the lower 
members of the Broken Hill Group (60 – 400 m thick and 90 – 200 km³), with 
volcaniclastic lithologies (i.e. sedimentology, geometry and geochemical trends) similar to 
the underlying Parnell Formation suggesting further continuation of a syn-rift clastic 
system and volcanic provenance (Dyson 2005; Stevens et al. 2008). The overall 
lithostratigraphy of the unit (Table 2.1) consists of two major upward-fining sequences 
(reflective of a diminishing post-eruptive influence over time) including two Potosi Gneiss 
facies (laterally extensive) which are enclosed by volcaniclastic and interbedded lenticular 
(sheet-like) psammite-pelite couplets (Dyson 2005). These units display occasional 
tempestite „storm‟ bedding (10 – 25 cm thick) structures and further grade into blue-
quartz-rich cherts, garnet-spotted psammopelite and Fe-Mn enriched garnet-quartzite‟s,  
which notably display an inverse spatial relationship between the main lode and Potosi 
Gneiss facies (Conor & Preiss 2008; Dyson 2005; Walters 1998). The Potosi Gneiss suites 
have been further noted by Stevens and Barron (2002) to contain inclusions which have 
been interpreted as imperfectly consolidated sediment rip-up clasts, mass flow cobbles, 
eutaxitic textures, euhedral feldspar phenocrysts and calc-silicate ellipsoids. These 
observations further correlate to Page et al. (2005, p.634) statement that the relict textures 
are “characteristic of material deposited from explosive silicic volcanic eruptions, 
including both epiclastic and volcaniclastic lithologies” with proportional chemical 
compositions of a rhyodacitic precursor, indicative of a syn-eruptive volcaniclastic mass 
flow event within a mature intra-continental basin (shallow marine shelf environment) 
(Dyson 2005; Page & Laing 1992; Stevens et al. 2008). Further correlation with the 
adjacent stratigraphical framework (psammite-pelite facies) suggests that these 
metasedimentary units represent  volcaniclastic turbidites, deposited coeval with 
subaqueous/composite mass flow events and co-magmatic hypabyssal sills, as part of a 
transgressive system tract (Dyson 2005; Stevens et al. 2008). 
 
Evidently this period represents both a climax in volcanism and also a compositional 
switch from A-type to S-type (cf. Alma Granite Gneiss and Rasp Ridge Gneiss) 
magmatism (after ~1705 Ma). This occurrence has been attributed to the partial melting of 
basal portions of the Willyama Supergroup and the synkinematic fractionation of Fe-
rich/Mg-poor basaltic magmas, derived from the emplacement of subordinate to 
concordant Fe-enriched tholeiite sills, plugs and related feeder dykes (lacolith features), 
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and is indicative of a high basal heat flow during basin sedimentation (Conor & Preiss 
2008; Gibson &Nutman 2004; Plimer 1985). This is evident via the emplacement of syn-
sedimentary granitoid intrusions within the Parnell Formation and Hores Gneiss, including 
the Rasp Ridge (1683 ± 3 Ma), Wondervale Well (1685 ± 5 Ma) and Stephens Creek 
(1686 ± 4 Ma) members which constitute the Silver City and Potosi Supersuite (Stevens 
2009). Based on the age tolerance and preservation of miarolitic cavity filling structures 
(atypical of shallow intrusions) it has been suggested that these units were emplaced as a 
series of shallow granitic intrusions (≤1000 m) during the deposition of the lower 
Sundown Group members and coeval with Broken Hill-type mineralisation (Page et al. 
2005; Stevens et al. 2008).  
 
Further continuation of the depositional system is represented by the gradational 
succession of the overlying Sundown (1672 ± 7 Ma) and Paragon Groups (1640 – 1657 
Ma) which represent a ~3200 m thick marine sequence (Stevens et al. 2008). However the 
true thickness (before erosion) relative to pressure conditions achieved at the Broken Hill 
/Sundown Group Boundary during the M1/D1 event has been postulated by Forbes et al. 
(2008) to have been from between ~10 – 15 km thick. These sequences consist of 
schistose interlaminated/intertonguing psammopelite and pelite layers with little to no 
grading, and have been further regarded by Stevens (2006) as a series of shelf mud‟s, thick 
marine sheet sands and occasional storm-surge turbidite layers (shore-face environment). 
Further evidence of matching provenance age relative to the underlying stratigraphy 
indicates a stable influx/recycling of sedimentary infill during sag phase sedimentation 
and increased basin maturity (approximately ~70 Ma period) (Stevens & Barron 2002). 
These sources have been noted by Walter (1998) to have been derived from Barramundi-
age (1850 – 1870 Ma) terrains including the Arunta Block, kalkadoon-Leichhardt 
Basement and Haslingden Group in the Mt Isa Inlier (Palaeoproterozoic and late-Archean 
ages) which ultimately rifted and shed into the Willyama Supergroup basin. Evidently 
these units have been distinguished from the underlying stratigraphy via the absence of 
basic and Potosi Gneiss facies (syn-sedimentary doleritic sills and dykes), notably 
marking  the termination of Broken Hill-type mineralisation (Stevens et al. 2008). 
However the comparison of siliclastic metasediments are notably indistinguishable from 
the underlying stratigraphy indicating a continuation in relative shallow-marine 
sedimentation before and after the brief interruption of the Hores Gneiss in 1685 ± 3 Ma 
(Stevens et al. 2008). As a result this evidently suggests progressive rifting but with 
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distinct variations in depositional style, provenance and basin configuration (transgressive 
system tract and highstand system tract), evident via the initiation of sag-phase 
sedimentation (post-dating the climax of rifting) as the underlying asthenosphere and 
lower crustal units cooled (thermal subsidence) (Dyson 2005; Stevens et al. 1988; Stevens 
et al. 2008). 
 
Table 2.1 Common host lithologies (present within the mining sequence) associated with 
the Hores Gneiss (after Greenfield 2003). 
 
Rock Type Garnet Content Mineralogy (in decreasing 
order of abundance) 
Texture Location 
Garnet quartzite Up to 80%, 
0.1mm to 1.0cm 
Qtz, Grt, Bt, Chl, Lim, Gah, 
Fl, Ap, Pl, Sil, Ms, Hbl, Act, 
Gn, Sp, Po, Cp, Py, Asp, Lo 
Massive or layered All lodes but most 
common in the lead 
lodes 
Psammopelite > 
lode 
Up to 80%, 
0.1mm to 
0.5mm 
Qtz, Bt, Grt, Chl, Ms, Ap, 
Gn, Sp, Po, Cp, Tet, Py, Asp, 
Lo, Lim, Gah 
Weak foliation common Around all lenses 
Psammopelite > 
quartz-gahnite > 
lode 
20 – 80%, 0.5 to 
5.0mm 
Qtz, Grt, Gah, Bt, Chl, Po, 
Sp, Gn, Ms, Lim 
Massive All lenses, common 
around B and C lodes 
Garnet sandstone 80 – 95%, 0.5 to 
5.0mm 
Grt, Qtz, Ap, Chl, Bt, Gn, 
Sp, Lo, Asp, Hed, Ms, Hbl, 
Po, Cp, Mar, Py, Lim, Rt, 
Gah 
Granoblastic mosaic of 
interlocking grains 
common 
Lens 1, 2 and 3, and 
lode A 
Potosi Gneiss 10%, 1.0 to 
5.0mm 
Qtz, Pl, Kfs, Grt, Bt Massive, Grt rimmed by 
Bt, Bt rimmed by feldspar 
Laterally near B and C 
lodes, above 3 lens 
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Figure 2.3 Stratigraphical column of the lithostratigraphy of the Willyama Supergroup 
including the distribution of the main mineralisation styles associated with the Broken Hill 
Block (from Parr & Plimer 1993). 
 
 
2.2.1 Deposit Geology: The Giant Broken Hill Pb-Zn-Ag orebody 
Further recognition of the stratigraphical framework of both the Thackaringa and Broken 
Hill Group‟s indicate that several members host both economical and sub-economical 
Broken Hill-type deposits including the ~257 Mt Giant Broken Hill Pb-Zn-Ag orebody 
and to a lesser extent the ~2 Mt Pinnacles deposit (Laing 1996).The Giant Broken Hill Pb-
Zn-Ag orebody of which forms the basis of this study, is hosted within a distinct 
transitional contact zone between the Footwall Quartzo-feldspathic (lower stratigraphy) 
and Hangingwall Quartzo-feldspathic Gneiss (upper stratigraphy) known as the mine 
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sequence (Large 2003).This sequence forms an arcuate belt extending from Kelly‟s Creek 
in the SW to Stephens Creek in the NE representing an overall strike length of 25 km, 
with the sequence dipping steeply to the N – NE except where local mesoscopic folds 
have interrupted the sequences plunge (Large 2003; Morland & Webster 1998; Webster 
2006). The thickness of the mine sequence has been interpreted by Webster (2006) to 
range from between 2.0 –2.5 km thick, with the thickness fluctuating in areas proximal to 
the Broken Hill Pb-Zn-Ag orebody. Evidently the orebody can be subdivided into 10 
stratigraphically related lens/lodes which conform to represent a stacked stratiform 
sequence (Figure 2.4; 2.9), including 3 lens (3L), 2 lens (2L), 1 lens lower (1LL), 1 lens 
upper (1LU) A lode lower (ALL), A lode upper (ALU), Southern A lode (SAL) Southern 
1 Lens (S1L), B Lode (BL) and C lode (CL), all of which are associated within a unit of 
the mine sequence known as the lode horizon (Figure 2.4; 2.9) (Morland & Webster 
1998). 
 
The lode horizon represents a defined stratification of subdivided amphibolite-granulite 
metamorphic terranes ranging from a thickness of 50 – 250 m, consisting of associated 
orebodies, companion lithologies (i.e. lodes and lenses), sub-economic sulphide 
occurrences (i.e. sulphide enriched stringers) and intervening pelitic/psammitic clastic 
metasedimentary units within a high strain domain, of which broadly marks the 
transitional contact between the downward facing sequences of the Thackaringa and 
Broken Hill Group‟s to the upward facing Sundown Group (Webster 2006; Hodgson 
1974; Mason et al. 2003). These lode sequences have been noted to consist of 
garnet/gahnite quartzite, garnet sandstone, blue quartz-garnet (± gahnite ± grossularite-
spessartite garnet± pyrrhotite ± zinc spinel  ± galena  ± sphalerite), blue-quartz bearing 
psammopelitic and plumbian orthoclase pegmatitic lithologies within several horizons 
(grain size averaging 0.5 – 5.0 mm) which envelope the main orebody (e.g. 2L and BL) 
 (Webster 2006; Morland & Webster 1998; Hodgson1974). These horizons are defined by 
Webster (2006) as: 
- The 4.5 horizon 
- The upper Potosi-type quartzo-feldspathic Gneiss 
- The B Lode horizon: Predominately blue-quartz. 
- The garnet quartzite horizon (GQH): Associated with the majority of siliceous 
orebodies in the mining area (i.e. zinc lodes). 
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- The clastic and calc-silicate horizon (CCH): Consisting of interbedded clastic and 
calc-silicate horizons that are stratigraphically connected. 
 
 
 
Figure 2.4 Schematic reconstruction of section 58 across the Broken Hill lode in Perilya 
Limited‟s Southern Operations, depicting the structural modification of ore lenses and the   
inversion of lithostratigraphic packages (from Groves et al. 2008). 
 
The lithology of the main ore lenses/lodes (discussed above) within the Broken Hill 
orebody have been observed by Plimer (1984) to consist of an array of mineralogical 
assemblages, including a diverse suite of metamorphosed sulphide-silicate rocks, coarse 
(equigranular) grained pegmatitic ore, remobilised minerals (associated with late stage 
metamorphism/retrogression) and additional minerals sequentially precipitated in 
transgressive fault/shear zones as a result of fluid-rock interactions, plastic flow and 
redissolution. In relation to these characteristic‟s each lens/lode can be subdivided into 
two categories, based on a defined set of criteria including associated gangue mineralogy, 
distinctive bulk grades for Pb-Zn-Ag (particularly trace element associations) and internal 
textural variations (Figure 2.4) (Morland & Webster 1998). These classes have been 
further described by Morland and Webster (1998) as calcitic and siliceous (Zn-bearing) 
orebodies. Calcitic orebodies (i.e. 2L, 1LL and 1LU) are highly heterogeneous containing 
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associated calcite, fluorite, apatite, garnet, rhodonite-bustamite, pegmatoid sulphide and 
sulphide-silicate pods, with abundant galena (lead) predominately hosted within sericite-
quartz and epidote-clinozoisite-quartz garnet (Spessartine garnet) units within the CCH 
(Morland & Webster 1998; Plimer 1984; Webster 2006). These orebodies tend to contain 
a suite of unique gangue minerals including hedenbergite, ilvaite and wollastonite which 
tend to occur at zones of contact between calcitic and rhodonite mineralisation (Morland 
& Webster 1998). Whilst siliceous (primary quartz) orebodies (i.e. 3B, ALU, S1L and 
SAL) are notably enriched in quartz and garnet (± gahnite and cummingtonite), with little 
or no calcite/calc-silicate minerals or lead anomalies, with lens/lodes notably restricted to 
the upper portions of the south-western end of the Garnet Quartzite Horizon (GQH) 
(Morland & Webster 1998). An example of each of these classes is further discussed 
below, with additional details on the distribution of Pb, Zn and associate minerals 
described in Section 2.2.2. 
 
2 Lens & B Lode 
The no. 2 Lens (calcitic orebody) represents the largest stratigraphical lens in the Broken 
Hill Pb-Zn-Ag deposit (in terms of overall ore tonnage), extending a strike length of 7 km 
and containing an excess of 83 Mt of ore with an additional 1.8 Mt removed as a result of 
erosion (Webster 2004). The lens is best developed in the southern end of the mining field 
(decreasing in size northwards) (Figure 2.11) and notably represents a strongly stratified/ 
convoluted mass of sulphide-silicate rocks interbanded with layers of  lead-zinc depleted 
manganiferous siliceous units, with the margins of 2L showing a sharp contact with the 
adjoining wall rock metasediments (Plimer 1984;Webster 2004). The internal stratification 
of 2L is reflective of several distinct styles of mineralisation (pre and syn-tectonic) 
including stratiform, mobilised and metasomatically altered mineralisation (Morland & 
Webster 1998). As a result these have produced primary zonations of defined mineral 
suites, further highlighted in Table 2.2.  
 
Alike 2L, B Lode (siliceous orebody) is only well preserved in the southern end of the 
mining field (Figure 2.11) and notably represents the largest of the zinc lodes (third largest 
lens/lode overall), extending an overall strike length of 2.5 km and containing an excess of 
50 Mt of mineable ore (Gustafson et al. 1950; Webster 2004). The location of the lode 
relative to surrounding geology has been inferred by Plimer (1984) to be within the top of 
the Garnet Quartzite Horizon (GQH), with the lode notably displaying a conformable  
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contact between the footwall and hanging wall garnet quartzite and plumbian orthoclase-
quartz pegmatite facies (Plimer 1984).In relation to the geometry of BL, the lode notably 
represents a stratified complex consisting of high-grade sphalerite-rich zones at the base of 
the orebody and a lower-grade zone of predominately siliceous, blue-quartz lode 
mineralisation on the Hangingwall side, which based on the entirety of the lode forms an 
elongate, mound-shaped orebody (lenticular in cross-section) (Webster 2004).  
Evidently whilst there seems to be a wealth of research on the geometry, stratigraphy and 
mineralisation of these lenses/lodes, Plimer (1984) highlights that there has been minimal 
investigation into XRD analysis of secondary minerals (partially due to the central 
secondary zone being removed before XRD was developed) within the associated  
supergene/carbonate enrichment zones of the Broken Hill orebody. The limited knowledge 
of these zonations is further discussed in Section 2.5 and will be utilised as the basis for 
the study relative to the weathering profile associated with 2 Lens and B Lode.  
 
In relation to the geometry of  Broken Hill orebody and associate mineralisation (as 
discussed in Sections 2.2 & 2.3), the overall structure forms a series strongly linear and en 
echelon (ribbon) zones  which trend parallel along a NE strike, with lenses lenticular in 
cross section (Figure 2.9) (Morland & Webster 1998; Hodgson 1974). Whilst lenses/lodes 
are structurally and stratigraphically discontinuous to an extent, lenses including 2L and 
3L represent the largest stratigraphically continuous orebodies along a strike length of 7 
km (i.e. 7000 m x 300 m x 100 m) with the northern extremities being terminated by the 
Globe-Vauxhall Shear Zone (Figure 2.9) (Morland & Webster 1998; Rothery 2001). In 
unison these lenses/lodes produce a „boomerang-shaped‟ arch (double plunging), which 
based on a longitudinal projection depicts a plunge to the north at ~70º and to the south at 
~20º in the Southern Operations (Figure 2.11) (Morland & Webster 1998). Whilst local 
discordances for each orebody have been observed there is a consistent and conformable 
relationship (coplanar) with the surrounding stratigraphy within the mine sequence and 
associated lode rocks (Morland & Webster 1998). However the geochronological order in 
which these ore lenses/lodes were deposited in  is debatable as analysis of Pb isotopes, Pb-
Pb modelling and high resolution ion-microprobe (SHRIMP) U-Pb dating undertaken by 
Parr et al. (2004) suggests that ore lenses within both the Giant Broken Hill Pb-Zn-Ag and 
Pinnacles deposit do not systematically young upwards(diagenetic inhalative origin). This 
ideology is further discussed in Section 2.2.2 relative to current theories related to the 
depositional setting and mineralisation of Broken Hill-type orebody. 
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Table 2.2 Tabulated summary of primary mineralised zones within 2 Lens     
         (after Webster 2004). 
Zone Known Locality Description 
Sulphide-Quartz 
Zone 
 South Mine  
 Pasminco Mine, upper 
contact of 2L, below 16 
Level sill 
A sulphide-rich zone with minor quartz as clasts and as 
disseminated zones forms the upper part of 2L. A similar 
zone is present in 1 Lens Upper between the 19 and 20 
Level and probably in 1 Lens Lower. This 2L zone is 
comparable to the quartz-rich upper zone in 3L and too high 
grade B Lode ore. 
Fluorite Zone  Pasminco Mine (between 
19 and 21 Levels of the 
NBHC area) 
A fluorite-calcite rich zone within calcitic ore. Contains 
abundant bluish-green apatite. Webster (1994a) observed 
this zone to consist of granular, pale, translucent orange-
pink, equigranular 2-4 mm fluorite crystals (up to 40-60% 
of the rock) within a white calcite matrix or with calcite as 
an interstitial component. Galena, sphalerite +/- 
chalcopyrite, loellingite (in places) and traces of pyrrhotite 
occurred as interstitial grains, particularly at triple-junction 
points of the larger fluorite crystals. Fluorite-rich ore was 
often banded in a similar manner to the calcitic ore, except 
that fluorite was the main component of the banding. 
Observed to form discrete 0.5 metre-wide bands within 
calcitic ore. 
 
Gustafson et al. (1950) observed a local occurrence of 
conspicuous pink fluorite crystals on the 18 Level at NBHC 
enclosed in calcite. They also noted that in places 2L 
fluorite was green or white, and rarely red or brown 
fluorite. 
Banded Calcite 
Ore Zone 
 The major ore type of 2L. 
Present in all parts of the 
orebody, from the North to 
Pasminco Mines 
Banded calcite-sulphide-silicate rocks forming the bulk of 
2L throughout the mining field. 
Rhodonite Zone  Pasminco Mine below 16 
Level 
In the Pasminco Mine, a Pb-Zn depleted or barren, 
manganese-silica bearing layer, probably originally 
lenticular in form, is interlayered with banded calcitic ore. 
This zone is usually massive in 2L but bands and layers of 
calcite-bustamite-rich ore are also present. 
 
Gustafson et al. (1950) noted that rhodonite develops in 2L 
below the 12 Level at NBHC. In the nose of the “Western 
Anticline” significant wollastonite and hedenbergite were 
seen associated with rhodonite. They considered 2L 
rhodonite to resemble 3L rhodonite in the British Mine. 
Pyrrhotite Zone  Northern and north-western 
margins of 2L in South and 
Pasminco Mines. The 
major occurrence is 
between the 20 and 22 
Levels 
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2.2.2 Broken Hill-type mineralisation 
Current genetic models of the Giant Broken Hill Pb-Zn-Ag deposit and associated sub-
economical (<0.5 Mt) Broken Hill-type orebodies (i.e. Pinnacles, Parnell and Southern 
Cross deposits) have been highly controversial due to the complex prograde and 
retrograde metamorphic history (amphibolite-granulite grade) associated with the lower-
middle Proterozoic mobile belt terranes (mesoscopic to microscopic scale) (Conor & 
Preiss 2008; Morland & Webster 1998; Walters 1998). As a result current models based 
on the stratiform to stratabound base-metal (pollymetallic-base metal) mineralisation of 
the tectonically inverted and metamorphosed (geochemically zoned) ore lenses have been 
noted to resemble synsedimentary/syngenetic (SEDEX mineralisation) to diagenetic/ 
subseafloor (inhalative/ epigenetic) replacement origins similar to the Mount Isa and 
McArthur River Pb-Zn-Ag deposits (Greenfield 2003; Parr et al. 2004). However 
variations in mineralisation, relative to the dynamic nature of the host lithology deposited 
during the primary tectonothermal phases of the intra-continental rift system indicate that 
Broken Hill-type deposits cannot be discretely categorised, but instead represents hybrid 
class of other genetic models for sediment-hosted base metal deposits (Figure 2.5) (Dyson 
2005; Greenfield 2003). However this cannot be unequivocally substantiated due to the 
overprinting of the systems paragenetic origin, fluid chemistry and textural relationships 
by variable deformational fabrics (Groves et al. 2008). The overall stratigraphy, 
mineralisation and structural nature of the orebody is detailed below and forms the basis of 
the discussion, relative to the effect weathering/hydrolysis has on the mineralogy and how 
this is accelerated by the local structural geology. 
 
Broken Hill-type Deposits/mineralisation: Classification 
Broken Hill-type deposits represent a class of stratabound to stratiform base metal 
mineralisation, which are distinctively characterised by their depositional age (early-to 
mid-Proterozoic), geodynamic setting (intra-continental rift basin) and distinctive K-Ca-
Mn-Fe-Si rich host lithologies (Greenfield 2003). However up until the 1980‟s these 
deposits were classified as a class of SEDEX-style mineralisation, it wasn‟t until 
diagnostic features proposed by Plimer (1985), Beeson (1990) and later collaborated by 
Walters (1998) that these deposits were separated as a hybrid class (Figure 2.5). The 
criterion for these deposits is further summarised below and includes: 
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1) Stratiform or stratabound Pb-Zn-Ag mineralisation hosted in an amphibolite-
granulite metamorphic terrane (K-Mn-Ca-Fe-Si lithologies), with orebodies 
displaying a low Cu content (<250ºC). 
2) Orebodies (lenses/lodes) are located at the transitional interface between coarse 
(0.5-5.0mm) quartzo-feldspathic to fine pelitic/psammitic sedimentary facies 
3) Abundance of meta-volcaniclastics in the footwall stratigraphy. 
4) Formed in an intra-continental rift system. 
5) The immediate host sediments are commonly dominated by oxidised clastic facies 
(Mn-rich minerals) and BIF‟s, whereas the ore assemblages are generally reduced. 
6) General lack of iron sulphides and barite with the associated orebody and 
enclosing sedimentary facies. 
Based on the following criteria and relative abundance of carbonates, clastic (Mn-rich host 
lithologies) constituents and volcanic lithologies within the footwall stratigraphy, Large 
(2003) has classed Broken Hill-type deposits in Figure 2.5 as an intermediate style of 
mineralisation within an arranged spectrum between volcanic hosted massive sulphide 
(VHMS) and sedimentary exhalative deposits (SEDEX), which also show strong skarn-
like mineralogical traits (e.g. Namaqua Belt South Africa and Bergslagen District 
Sweden). 
 
 
 
Figure 2.5Schematic diagram depicting Broken Hill-type deposits on a spectrum relative 
to volcanic hosted massive sulphide (VHMS) and sedimentary exhalative deposits 
(SEDEX), as a function of both volcanic and carbonate abundance                                
(from Greenfield 2003). 
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Synsedimentary exhalative or diagenetic inhalative replacement origins 
Whilst evidence of synsedimentary exhalations (i.e. early sub-lacustrine hydrothermal 
activity) have been noted in the Lower (Cues and Himalaya Formation) and Upper 
(Freyers Metasediments and Sundown Group) Willyama Supergroup sediments, including 
Mn garnet-magnetite-quartz-apatite banded iron formations (BIFs), disseminated 
magnetite and Mn-Fe-Si exhalites (syn-diagenetic mineralisation) (Stevens et al. 2008; 
Walters1998). Studies conducted by Parr et al. (2004) including the analysis of Pb 
isotopes and high resolution ion-microprobe (SHRIMP) U-Pb dating of Pb-lodes of the 
Pinnacles deposit (hosted in the lower Thackaringa Group) evidently suggest a diagenetic 
inhalative depositional model. These results indicate that mineralisation commenced 10 
Ma before the overlying Giant Broken Hill Pb-Zn-Ag deposit (~257 Mt), with no. 2 and  
no. 3 lens (Zn-lodes) within the Pinnacles deposit noted to have formed after or coeval 
with the Giant Broken Hill Pb-Zn-Ag orebody (Parr et al. 2004; Stevens 2003). Further 
evidence of Pb isotropic values and Pb-Pb modelling indicate that lenses/lodes within the 
Giant Broken Hill Pb-Zn-Ag orebody do not systematically young upwards indicating that 
an inhalative system was established ~6 Ma after the host rock and deposited over a period 
of 6 – 10 Ma (Parr et al. 2004). This ideology further correlates to episodic hydrothermal 
activity including the intricate layering of high and low (Eu anomalies) temperature 
exhalative deposits overlying the Hores Gneiss (Parr et al. 2004). As a result this evidence 
allows further rejection of syntectonic theories proposed by earlier authors who invoke 
that the accumulation of ore lenses occurred during the Olarian Orogeny. However 
Greenfield (2003) emphasises that there is notably strong evidence for a substantially 
unknown amount of remobilisation/metasomatic upgrading of lenses/lodes during and 
after the Olarian Orogeny. 
 
The formation of Broken Hill orebody can be suggested to have been derived from a fluid 
reservoir of approximately 8,000 km³, in which based on low sulphur/metal ratios (S 
isotopes uniform or close to zero) ore fluids (Zn + Pb > S) were reduced (H2S > SO4) and 
slightly acidic with sulphides being deposited under moderate temperatures ranging from 
150 – 250ºC (low Cu content) (Morland & Webster 1998). The deposition of sulphides 
have notably been associated with oxidising/reducing sedimentary packages including 
clastic, minor BIF‟s, carbonates and argillite‟s with little or no association with marine 
sulphate (Large 2003; Morland & Webster 1998). Based on Pb isotopes a magmatic-
hydrothermal model has been recently proposed by Giles et al. (2009) and highlights that 
24 
 
lead concentrations were not sourced from upper crustal units normally associated with 
SEDEX deposits, but instead Pb, Zn and S were ultimately derived from strongly 
fractionated and rift-related ferrotholeiite magmas along major normal fault systems. This 
has been suggested by Groves et al. (2008) to have been deposited along the C-lode fault 
(NE-trending ductile fault) which notably contains an abundance of cross-cutting to 
concordant blue quartz gahnite-pyrrhotite and garnet-quartzite alteration zones (Figure 
2.4; 2.6), atypical of a syn-sedimentary fault zone/feeder zone (Groves et al. 2008). 
Evidently similar processes have been extensively documented in ultra-slow spreading 
centres along the Southwest Indian Ridge in which the fractional crystallisation of 
magma‟s notably enables the separation/partitioning of Cu into the magmatic vapour 
phase from earlier stages in the process, allowing Pb and Zn to remain within the magma 
(thus requiring little involvement of seawater-derived fluids) (Crawford & Maas 2009). 
Under an elevated geothermal gradient the circulation and interaction of Na-Ca-K brines 
(≤ 26 wt% dissolved solids) with magmatic units (enriched in Fe, Mn, Pb and Zn metals) 
would have notably undergone adiabatic rise, lateral migration (evident via quartz-gahnite 
layering) and subsurface precipitation (hypogene enrichment) within porous facies of the 
Thackaringa and Broken Hill Group‟s (Robb 2005).  The occurrence of subsurface 
precipitation can be derived from similar fluid phases within the Juan De Fuca Ridge 
which suggests that the boiling of hydrothermal fluids occur before breaching the 
sediment-water interface (atypical in shallow water conditions) (Robb 2005). This is 
evidently further supported by the lack of barite and tight S-isotope distributions relative 
to extensive silicification (lode horizons) (Stevens 2003). 
 
 
 
Figure 2.6 Diagrammatic representation of a SEDEX-type (syn-sedimentary) feeder zone 
such as the C lode fault of the Giant Broken Hill Pb-Zn-Ag orebody (from Robb, 2005). 
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The Giant Broken Hill Pb-Zn-Ag orebody: Mineralisation 
Stratiform mineralisation represents a suite of pre-deformational styles that comprise the 
bulk of all orebodies in the Giant Broken Hill Pb-Zn-Ag deposit, consisting of a high 
percentage of coarsely banded gangue minerals and sulphide abundances which remain 
conformable (sharp contact) with the enclosing metasedimentary stratigraphy (Figure 2.4 
& Table 2.1) (Morland & Webster 1998; Webster 2006). Discordant projections of 
sulphides within wall rocks are also noted to have occurred during waning stages of high-
grade metamorphism, in which ore was plastically injected into the adjoining wall rocks 
(parallel to the plunge of the orebody), particularly at fold crests (Plimer 1984). As a result 
these projections contain silicate rocks enriched in sulphides (higher Pb/Zn and Ag/Pb 
ratios) ranging from up to ~12 m wide and ~60 m long  (Plimer 1984). Associated gangue 
minerals including primary quartz, calcite and Mn-pyroxenoids or pyroxenes are widely 
dispersed throughout each lens/lode as a series of stratigraphical horizons, with the 
deposition of base metals including lead being preferentially associated with calcium ± 
fluorite and zinc being predominantly deposited with iron and primary quartz (Walters 
1998). As a result sphalerite (marmatite) is noted to represent the dominant sulphide 
constituent of all lenses/lodes as the influx of iron and quartz during mineralisation was 
constant (hence all ore lenses/lodes display similar Zn-grade), whilst galena diminishes in 
an upwards (from 2L to BL) and lateral trend (Figure 2.4) (NE to SW) in respect to a 
decline in calcium, relative to the onset of garnet quartzite (Walters 1998; Greenfield 
2003). Whilst Pb-Zn-Ag mineralisation has been further noted as being antipathetic to 
manganese deposition and therefore all manganiferous facies are void of mineralisation 
(Large 2003). 
 
In relation to pre-deformational fabric of the Broken Hill Pb-Zn-Ag orebody, 
syndepositional/internal layering and stratiform metal zonation/stratification within the 
lode horizon of the Hores Gneiss has been preserved to some extent (Webster 2006). 
However these facies have effectively undergone structural upgrading in the form of 
complex metasomatic/fluid overprinting (i.e. fluid-phase and mechanical mobilisation of 
sulphides) during a prolonged metamorphic history (Morland & Webster 1998). With 
high-grade D1 – D3A metamorphic events notably producing a coarsely crystalline/ 
equigranular (0.5 – 5.0 mm) and annealed (skarn-like) texture along the marginal contact 
of the orebodies and adjoining wall rocks (Large 2003; Morland & Webster 1998).  
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Whilst these deposits have been noted to display minor massive sulphide (i.e. stringers) 
occurrences, rapid internal variations relative to the grade and mineralogy of each 
individual lens/lode have influentially impacted on cost-effective mining operations in the 
Southern Operations (i.e. high Fe and Mn contents effect milling costs) (Large 2003; 
Morland & Webster 1998; Mason et al.2003). However area‟s adjacent to the C lode fault 
(section 25 – 70) including the Zn-rich C lode have been inferred to represent lenses/lodes 
deposited proximal to the primary exhalative centre, with up to 45% of the orebody‟s mass 
concentrated between sections 25 – 70 (Groves et al. 2008). This is further highlighted in 
Figure 2.4 and 2.7 which notably reflects the relative increase in ore tonnage (per 
lens/lode) relative to associated garnet-quartz and blue quartz gahnite-pyrrhotite alteration 
zones associated (lode sequences) with the diagenetic inhalative replacement model 
discussed in the previous section.  
 
 
 
Figure 2.7 Graphical longitudinal section of the Broken Hill lodes in Perilya‟s Southern 
Operations, showing the tonnes per section (20 m strike intervals) of the main ore lenses 
and lodes relative to garnet-quartz and blue quartz-gahnite-pyrrhotite alteration zones 
(from Groves et al. 2008). 
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2.3 Structure of the Broken Hill Domain 
The Broken Hill Domain lies on the northeastern and eastern margins of the 
Neoproterozoic and Cambrian sedimentary basins known as the Adelaide Geosyncline, in 
which the current configuration and distribution of Broken Hill-type deposits and 
adjoining wall rocks are consistent with polyphase deformational, high temperature and 
low pressure metamorphic conditions (Forbes et al. 2005; Webster 2004). The delineation 
of original tectonic regimes including the overprinting of original structural fabric (S0 
foliation), northwest trending faults and the superimposition of three generations of 
folding/shearing events (Figure 2.9) have effectively controlled the development of the 
Adelaide Geosyncline (850 – 570 Ma), producing a series of semi-isolated, partially fault-
bound blocks known as the Willyama Inliers (described in Section 2.1) (Drexel et al. 
1993; Webster 2004). These have been noted by Laing et al. (1978) and Marjoribanks et 
al. (1980) to correlate to several deformational episodes (D1, D2, D3 and D4) during two 
major orogenic events (Table 2.3) including: 
 
- The Olarian Orogeny (1600 – 1605 Ma) (Conor & Preiss 2008; Stevens 1986) 
- The Delamerian Orogeny  (458 – 520 Ma) (Marjoribanks et al. 1980; Stevens 
1986) 
The initial deformation of the Willyama Supergoup is represented by a short lived mid-
crustal extension (D1) at 1620 Ma (pre-Olarian Orogeny), which evidently has no 
recognisable macroscopic structures within the mining district due to the superimposition 
of later generational folds and structural fabrics (M1 and M2) (Forbes et al. 2005). It is 
only recognisable within the mining sequence by strong northeast-trending layer-parallel 
foliation/schistosity (S1) and anatectic melts which occur parallel to stratigraphical 
contacts (i.e.Hangingwall and lode sequences) as stratabound  to weakly transgressive 
pegmatite masses (lode pegmatite) and quartzo-feldspathic melt segregations (Forbes et al. 
2008; Webster 2004). These conditions occurred at shallower depths in which granulite to 
upper amphibolite-grade conditions were achieved (~600°C and 2.8 – 4.2 kbar) by the 
elevation of the palaeo-geothermal gradient (~42°C/km) in relation to thinning of the 
underlying lithosphere (i.e. crustal delamination or mantle plume) and gravitational 
loading of the overlying Sundown and Paragon Groups (Conor & Preiss 2008; Forbes et 
al. 2005; Forbes et al. 2008). As indicated in Figure 2.8 these conditions persisted 
throughout M1 and M2 events via the continuation of sag-sedimentation, in which the 
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burial of hot rock packages (thermal perturbation) under a dissipating palaeo-geothermal 
gradient (~42°C/km) is evident due to the progressive downgrade in metamorphic mineral 
assemblages from D2 onwards (Forbes et al. 2008). The occurrence of M1 coincides with 
the Olarian Orogeny and represents a single protracted high-grade granulite to upper 
amphibolite event consisting of three distinct phases including D2, D3A and D3B all of 
which commenced coeval or prior to peak metamorphism in the Broken Hill Domain 
(Forbes et al. 2008; Webster 2004).  
 
 
Figure 2.8 Depth–time graph depicting the Proterozoic tectonothermal evolution of the 
Broken Hill Block based on rock units at the boundary of the Broken Hill and Sundown 
Groups. At 1670 Ma the Broken Hill/Sundown Group boundary is at a minimum depth of 
1.35 km (0.4 kbar) due to deposition of the Sundown Group. However D₁/M₁ 
metamorphic conditions are not obtained until 1602 Ma when the Broken Hill/Sundown 
Group boundary is at a depth of ~10-15km (from Forbes et al, 2008). 
 
The development of early layer-parallel schistosity is successively deformed by a later 
ductile deformation phase (D₂), representative of a major folding event including first 
(mesoscopic) and second (macroscopic/ parasitic) order folds (Figure 2.9 & Table 2.3) 
which occurred coeval to peak high-grade metamorphism (Conor & Preiss; 2008; Webster 
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2004). This period is represented by D₂ fluid phase mobilisation (mass flow) of plastic 
sulphides into hinges, sulphide brecciation and the initial development of sulphide-silicate 
porphyroblasts (Plimer 1984). During the waning stage of high-grade metamorphism 
sulphide minerals (i.e. galena, chalcopyrite and pyrrhotite) were mechanically injected 
into transgressive fractures (siliceous metasomatism) resulting in the overprinting of 
homogenous D1 annealed fabric, with further redistribution of sulphides taking place 
during secondary hydrothermal processes (Plimer 1984; Webster 2004).  
 
 
 
Figure 2.9 Simplified history of the Willyama Supergroup showing the inversion of the 
D₁ geometry and the subsequent folding by structures during D₂ and D₃ deformational 
events (from Gibson & Nutman, 2004). 
 
Evidently the intensity of F₂ folding is greater in the northeastern end of the mining field 
in which high strain zones (early phases of orogenesis) are dominated by S₂ fabric which 
Gibson and Nutman (2004, p.57) infer to “represent the axial-surface fabric of tightly 
asymmetric, recumbent to gently reclined D₂ folds and …… tight crenulations of the S₁ 
foliation in D₂ fold hinges to a penetrative S₂ schistosity containing relicts of S₁ foliation 
in D₂ limbs”. With additional modification of  S0 banding around F2 axes and pervasive 
galena-defined S2 axial plane foliation in both the 3 Lens and 2 Lens orebodies, which 
notably have affected the ore and adjoin wall lithologies (Webster 2006). Whilst low strain 
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zones in the southwestern end (particularly in the Southern Operations) have been noted to 
contain F₂ folds ranging from open to isoclinal/disharmonic, with metapelitic units 
displaying characteristic high-temperature sillimanite-rich fabric and associated M₁ partial 
melts located in the hinges of cylindrical (sheath-like) folds (Wilson & Powell, 2001). The 
development of this particular crustal architecture has been noted by Forbes et al. (2004) 
to have been formed in relation to crustal thickening and the development of large scale 
northwest-verging D₂ recumbent folding, of which initiated the inversion of original D₁ 
thermal structures so that lower sillimanite-grade facies now overlie andalusite-grade 
rocks of the upper plate (hence indicating original detachment surface). As a result it is 
evident that the boundary between the Hores Gneiss and Sundown Group cannot represent 
a thrust belt complex as previously suggested by White et al. (1995), as it consequently 
places younger on older units. 
 
The third stage of deformation (D3) is continuous with D2 (syn or post 1600 – 1570 Ma) 
but is distinguished by both the deformation of earlier schistosity‟s (S1 and S2) and an 
extensive network of ramifying late Olarian retrograde shear zones of variable orientations 
(Figure 2.9 & Table 2.3), with NE-trending shear zones parallel to upright folds (F3) 
(Conor & Preiss 2008). The relative change in metamorphic mineral assemblages and 
adjoining wall rocks is reflective of both a waning stage in M1 and decreasing ductility 
with time (Plimer 1984).The continuation of M1 is representative of a D3A widespread 
retrograde shearing event (equal intensity) in which the dislocation, attenuation and 
offsetting of F2 folds (Figure 2.10) (including the dismemberment of several large 
antiformal folds) has resulted in the development of a series of anastomosing/broad ductile 
belt shear arrays (Webster 2004). These shear zones notably transverse the lode sequence 
at acute angles to their axial traces, dipping NE-SW (~70 – 75°) along a general NE-SW 
strike (approx. 30° anticlockwise of the axial planes of F2 folds) (Webster 2004; Plimer 
1984). The occurrence of D3A shears occur predominately in mesoscopic axial planar to 
large-scale moderately open F3 folds which display both a well-defined vertical 
muscovite/chlorite (± biotite) schistosity (S3) (granulite to upper amphibolite grade) and 
planes of intense transposition (horizontal displacement of 300 – 500 m) in areas local to 
the Southern Operations (Forbes et al. 2008;Webster 2004). The later stages of D3 are 
marked by the development of  laterally persistent retrograde quartz-muscovite-biotite 
(schist) zones through the northeastern mining district and is representative of a lower 
amphibolite to greenschist grade mineralogy, localised along strongly deformed areas 
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during D3A (Webster 2004; Greenfield 2003). This is representative in lenses such as 2L 
and 3L which are coplanar with these structures, but are locally disrupted by several D3B 
retrograde shear zones, producing the steep structural geometry of the orebody including 
the segregation and dislocation of the Fitzpatrick Zinc Lode and the Potosi orebody (2K 
Zone). Examples of these structures include: 
- The Globe-Vauxhall-Western Shear Zone (dipping 45°) 
- The DeBavay Shear Zone (dipping 65-70°) 
- The quartz-muscovite-biotite shear fabric of the early Lords Hill Fault 
- The retrograde Main Shear Zone 
- The Central Shear Zone 
- The Termination Schist Shear Zone 
 
Figure 2.10 Generalised diagram of the structure and stratigraphy of the Broken Hill mine 
sequence (from Greenfield 2003). 
 
Further deformation is associated with the Cambro-Ordovician Delamerian Orogeny (458 
– 520 Ma) and is representative of a regional scale tectonothermal period inclusive of the 
reactivation of Olarian (D3A – D3B) shear zones, brittle faulting and transgressive dolerite 
dykes which intruded the ore system in three main belts (Plimer 1984;Webster 2004). 
Evidently there are two distinct phases in D4, consisting of an earlier high-grade D4A phase 
(lower amphibolite grade) in areas proximal to high-grade faults and associated 
hydrothermal activity, and a later D4Aphase which represents the distinct reactivation of 
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Olarian retrograde shears (Webster 2004; 2006). D4A is associated with localised ductile 
deformation in the form of F4 folds associated with complex fault zones (i.e. British Fault 
System) which caused major reversals in F2 plunges in the central mining district, and 
refolding of the main orebody (Plimer 1984). Further relation to hydrothermal activity 
along D4 faullts has notably produced mechanical sulphide mobilisation and impregnation 
on margins of doleritic dykes, particularly dominant in the northeastern regions of the 
mining district and are mainly manifested as brittle-ductile deformation structures (i.e. 
extensive fault, joint and fracture complexes) (Plimer 1984;Webster 2004). All of which 
have occurred prior to the uplift and deep weathering (removal of 80 Mt of ore) of the 
Broken Hill orebody during the Cretaceous and Tertiary period (Conor & Preiss 2008). A 
more detailed summary of the deformational/structural history of the Broken Hill Domain 
has been compiled by Webster (2004) and is further detailed in Tables 2.3. 
 
As a result high-grade, south verging asymmetrical (isoclinal folds/ second generation) F2 
folds with first generation schistosity (S1) comprise of all major folds structures in the 
mine sequence (i.e. the Broken Hill Synform, Broken Hill Antiform and the Hanging Wall 
Synform) and constitute the current orebody geometry of a double plunging configuration 
(Mackenzie & Davies 1988; Plimer 1984). Further analysis of the mine sequence indicates 
that zinc and lead lenses/lodes are located in a tight downward facing eastern Synform and 
a more broader western limb of an inverted F1 nappe, which lie on the overturned limb of 
a major F2 synform known as the Hanging Wall Synform (plunging an average of 25º 
SW), with lead lodes further extending into other coplanar regions of the Broken Hill 
Antiform (Mackenzie & Davies 1998). However there is no singular pair of folds that 
extend/control the entire length of the order, as orebodies do not plunge parallel to the 
axes of high-grade F2 folds, nor do they plunge parallel to any later generational fold 
structures, as lode rocks traverse F2 fold hinges plunging both northeast and southwest 
throughout the deposit due to F4 refolding (Webster 2004). 
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Table 2.3 Summary of the main structural events that have affected the mine sequence 
(after Webster 2004). 
 
D1  
(OLARIAN OROGENY) 
D2  
(OLARIAN OROGENY) 
D3A 
 (OLARIAN OROGENY) 
D3B  
(OLARIAN OROGENY) 
D4A 
 (DELAMERIAN 
OROGENY) 
D4B  
(DELAMERIAN 
OROGENY) 
Pegmatite intrudes 
Lode Sequence 
Asymmetric south 
verging folds in 
orebodies 
High grade sinistral 
shearing, minor F3 
folds 
Quartz-muscovite-
biotite shear zones 
Brittle fault systems & 
local refolding 
Late-stage faulting, 
joint & fracture 
systems 
Separation pegmatite, 
southwest end 
 
Widespread stratiform 
dykes at margins of 
psammite & quartzo-
feldspathic units in the 
northern leases 
 
Pegmatite intrudes 2 
Lens 
 
Banding in lode 
pegmatite? 
 
Biotite-sillimanite 
foliation (S1), parallel to 
bedding in MineSeq 
metasediments 
 
Isochemical 
metamorphism, 
annealing & grainsize 
coarsening in orebody 
sulphides & gangue. S0 
mineralogical variations 
coarsened & 
exaggerated 
 
Coarse knots & bundles 
of fibrolite developed in 
pelites in the NE region 
(wrap pyrite in places) 
Transect the orebodies 
at 20° to their original 
strike 
 
Second order F2 folds: 
SXS, ZCA, NBHCS, SMA, 
CMA, CMS, BHPS, B14A, 
BA, BS, NMA, WKS etc. 
Isoclinal style in the NE 
& central mining field; 
tight folds in SW 
 
Formation of the 
initiation points of 
‘droppers’ (small scale 
F2 synformal folds) 
 
S2 axial plane foliation 
defined by galena 
distribution in 3L in 
North Mine 
 
First order F2: HWS, IRS, 
MBA, Broken Hill 
Synform (Airport 
Antiform) etc. 
 
Annealing crystallisation 
throughout orebodies 
 
Extensive mechanical & 
fluid phase mobilisation 
in the orebodies. 
Includes fluid phase 
sulphide migration into 
rhodonite-bustamite 
margins & wall rocks 
(mostly garnet 
sandstone & garnet 
quartzite) 
 
Wall rock silicification at 
orebody contacts (silica 
metasomatism), 
especially on margins of 
3L in North Mine 
 
Beginning of silicification 
& alteration of 
pegmatite 
 
Initiation of BL Shear & 
related structures 
 
Granulite – upper 
amphibolite grade 
Belt of Attenuation B Lode 
Shear & Thomson Shear 
develop 
 
Attenuation of F2 folded 
geometry of 2L, 3L 1LL, 
1LU (Belt of Attenuation) 
250m sinistral, west block 
up displacement of 3L & 2L 
in the Browne Shaft area 
(British Shear) 
 
GQH dissected by BL 
Dropper Shear & related 
structures. Development 
of Axial Plane Orebodies in 
B Lode Shear 
 
Droppers form in shear 
planes & attenuated 
regions of southwest 
region  
 
Extreme shearing of 
Central Mine Synform by 
Central & Channel Shears 
results in dropper-like 
shear hosted sheets of ore 
in lower levels of South, 
Central & BHP Mines 
 
Minor F3 folds develop in 
shear zones. S3 sillimanite 
is characteristic 
 
Attenuation of F2 folded 
geometry of 2L & 3L 
between 29 & 32 Levels in 
the North Mine. Shear 
offset of 3L & 2L between 
32-34 Levels of North 
Mine (Fitzpatrick Orebody) 
 
CL offset from BL by 250m 
sinistral north block up 
movement of BL Dropper 
Shear 
 
Silica metasomatism of ore 
& wall rocks in sheared 
parts of the deposit (e.g. 
1L & 2L in Pasminco Mine) 
 
Upper amphibolite- lower 
amphibolite grade 
 
Early biotite-rich phase 
followed by a later 
muscovite-rich phase 
 
Formation of all of the 
significant retrograde 
shears of the mining 
field area including: 
Later Globe Vauxhall & 
Western Shears, Central 
Shear, Early DeBavay 
Shear and Willa Willyong 
Shear 
 
Final stages of B Lode 
Shear development 
 
Completion of shear 
offset of 2L & 3L in the 
North Mine area 
(Fitzpatrick Orebody) 
 
Completion of the 
attenuation of 2L & 3L 
between the 29 & the 32 
Levels of North Mine 
 
Muscovite alteration of 
pegmatite dykes 
 
Lower amphibolite – 
green schist grade 
Displacement of Northeast 
region by British fault 
System: NE Block up & 
offset to north by British 
Fault Zone – approx. 500-
750m. Offset of D3A Shear 
in Browne Shaft Area 
 
Brittle faulting throughout 
the mining field 
 
Hydrothermal activity 
along faults produces 
laminated veins & 
carbonate alteration of 
rhodonite-bustamite near 
fault systems 
 
Formation of ABH Consols 
siderite-galena-silver vein 
at intersection of D3B 
British Fault splay & 
amphibolite  units 
 
Galena-quartz-siderite vein 
in lower levels of British 
Mine 
 
Rhodonite, bustamite, 
bannisterite hedenbergite 
rhodocrosite form in 
cavities in some faults 
 
Gentle refolding of mining 
field on NW-SE axis. F4 
folds traverse mining field 
& refold F2 fold in MinSeq 
causing central plunge 
reversal (SW plunge at SW, 
NE plunge at NE end. 
Pegmatite veins develop in 
F4 hinges. 
 
Intrusion of fine-grained 
dolerite dykes into 
mineralisation along NW-
SE planes. Minor 
mechanical sulphide 
mobilisation, dolerite 
dykes dismembered 
 
Minor hydrothermal 
activity in ore. Garnet 
alteration & sulphide 
impregnation of dolerite 
fragments 
 
 
Chloritic, brittle & puggy 
stage of movement on D4 
faults 
 
Reactivation or 
continuation of D4A 
 
Chloritic, puggy & 
muscovite altered fracture 
planes, with deformation 
of D4A features 
 
Chloritic faults, pug zones 
& milled ore 
 
Jointing & faulting 
throughout the deposit 
 
Pyrite along fault planes, 
vughs & joints 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D4A; Locally Lower 
amphibolite grade & 
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Figure 2.11Longitudinal cross section of the Broken Hill mining field (southern end) and associated structures (from Webster 2004).
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2.4 Metamorphism of the Broken Hill Domain 
Regional metamorphism within the Olary and Broken Hill Domain is highly variable (as 
discussed relative to the mining district in Section 2.3), ranging from andalusite grade in 
the northwest to granulite grade metamorphism in the southeast of the Curnamona 
Province, with the Broken Hill Pb-Zn-Ag orebody being noted to have formed within the 
two-pyroxene zones within the centre of the Broken Hill Block (Phillips 1978). Based on 
Phillips (1978) several metamorphic zones have been defined on these basis of 
outcropping pelite and mafic assemblages, these include: 
1- Andalusite-muscovite 
2- Sillimanite-muscovite 
3- Sillimanite-K-feldspar 
These zonations have been formed as a result of two major metamorphic events (M1 and 
M2) relative to several protracted deformational phases (described in Section 2.3). At the 
peak of M1, granulite to upper amphibolite-grade conditions were achieved (~600°C and 
2.8 – 4.2 kbar) via the elevation of the palaeo-geothermal gradient (~42°C/km) relative to 
gravitational loading of ~10 – 15 km of sedimentary overburden (Conor & Preiss 2008; 
Forbes et al. 2008). Whilst D4 Delamerian deformation is concurrent with a thermal pulse 
that reached 350°C in the Willyama Supergroup, with low amphibolite to greenschist 
grade metamorphism (M2) occuring  along reactivated shear and fault zones (Webster 
2004; 2006). Temperatures within these localised shear zones have been inferred by 
Webster (2004) to have surpassed 400°C causing plasticity in adjacent gneissic rocks, 
enabling both drag folding to develop along the marginal contacts and the dismemberment 
of doleritic dykes local to sulphide-silicate rocks (Webster 1996; 2004). 
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2.5 Weathering & Supergene Enrichment 
The Broken Hill orebody outcrops within the central mining field (CML 7), where an 
estimated 60 Mt of ore (>25% of the deposit) has been removed due to extensive 
weathering and erosion (Plimer 1984). As a result Plimer (1984) asserts that this processes 
should correlate to the formation of an extensive supergene enrichment zone, however this 
zone has yet to be identified. Whilst minor secondary enrichment zones have been noted 
to occur at the base of the oxidation and in some cases in direct contact with hypogene 
ore, Plimer (1984) defines these occurrences as an enigma in which he suggest the bulk 
portion of the supergene blanket was remobilised via two phases of oxidation/hydrolysis 
relative to a drop in the palaeo-watertable (Plimer 1984; Swensson 1977). As a result 
certain question arise, as to if the secondary fluids reached seawater to become definitively 
diluted (substantial degree of circulatory freedom)? Or if the vadose solutions were 
intercepted by a suitable physiochemical barrier (i.e. watertable or redox barrier) enabling 
the precipitation of secondary sulphides (Plimer 1984; Webster 2004). 
 
This ideology of a two phase oxidation cycle is further supported by telescoped mineral 
assemblages, collapse structures, overgrowths, boxworks after cerussite, variable depth s 
of oxidation, and a general lack of supergene enrichment which notably indicates at least 
two episodes of oxidation or multiple rejuvenation episodes of older supergene zones 
(Andrews 1922; Plimer 1984).The development of the Broken Hill gossan is possibly the 
product of a pre-Tertiary event of secondary solidification, whilst the overprinting of older 
secondary zones (i.e. reticulate-structural boxworks of Mn-Fe oxides derived from 
cerussite) of galena is notably related to Quaternary-aged oxidation during global climate 
change after the last glacial maximum (Andrews 1922; Swensson 1977). This period is 
related to more summer anticyclonic winds and episodic aridity between  200,000 – 
300,000, 44,000 and 25,000 – 13,000 BP and is relative to cyclical changes in high to low 
watertable levels, reflecting a drastic change from a more humid environment to a 
prevailing arid regime (Andrews 1922; Bowler 1976). As a result coronadite is shown to 
develop below the palaeo-watertable, whilst cerussite is notably associated with the major 
removal/hydrolysis of supergene minerals to greater depths relative to the modern day 
watertable (100 m  ±20 m due to seasonal fluctuations) (Plimer 1984).These mineral 
assemblages are illustrated in Figure 2.12, and have been further discussed in Section 3.0 
relative petrographic and geochemical findings of the weathering profile associated with 
the near surface 2 Lens and B Lode. 
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Secondary Zone 
The development of the original palaeo-topography (i.e. prominent ridgeline) has been 
noted by Birch (1999) as being the result of both silicification and ferruginisation of 
bedrock near the Tertiary palaeo-surface, with the extent of weathering being further 
inhibited due to the lode geometry of the orebody (Webster 2004). As a result the extent of 
oxidation (highly manganiferous gossan) ranges from 2.3 km along strike and to a width 
of 6 – 23 m, whilst the depth of this zone is noted to protrude deeper into the stratigraphy 
between a depth of 60 – 120 m (Birch 1999; Webster 2004). However additional area‟s 
parallel to nodular fluorite rich ore have been observed by Birch (1999) to extend to 
depths of ~700 m within both the North and South Mine as a series of channels and pipes. 
This is proportionally due to fluorite being more readily leached than galena and 
sphalerite, which as a result has formed distinct morphological structures including 
cellular and spongy limonitic webworks and cleavage boxworks after fluorite, with 
additional secondary carbonates (i.e. cerussite, anglesite, smithsonite and goslarite), 
supergene galena, zincian calcite, native silver and native copper minerals becoming more 
abundant with depth(Plimer 1984; Webster 2004). 
 
In relation to the mineralogy of the secondary zone (CML 7), the upper oxidation zone of 
the central mining district has been described by Plimer (1984) as containing intergrown 
(colloform and/or massive) manganese oxides (e.g. botryoidal plumbic coronadite) and 
massive/colloformal secondary oxides (i.e. goethite, hematite and lepidocrocite), 
increasing in siliceous components towards the top of the stratigraphy (± ragged 
aggregates of quartz) (Webster 2004). Additional structures including interconnecting 
fracture complexes, vughs (~ 6 cm wide) and gossanous goethitic boxworks after cerussite 
(~50 m below surface) have also been noted to contain additional infill deposits of 
stalacitic/botryoidal pyrolusite, coronadite, kaolinite (+/- smithsonite and pyromorphite) 
and waxy encrustations of bromain chlorargrite (120 – 950 g/t Ag) (Plimer 1984; Moort & 
Swensson 1984). The diversity of these secondary minerals, relative to an array of 
morphological forms further supports Plimer‟s theory of a complex (multi-phase) 
reprecipitation history during ore genesis (Plimer 1984). 
 
Further down profile these structures alter to near-horizontal fine and coarse breccias 
(recemented collapse-breccia structures) of quartz and garnet (± indurated kaolinised 
facies), with loosely cemented amorphous limonite and jasper occurring as ribbing within 
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boxwork structures (± isolated massive cerussite) (Plimer 1984; Webster 2004). Whilst 
pyromorphite and smithsonite occur notably as encrustations on the ore interface of Fe/Mn 
oxides, cerussite aggregates and as infill deposits within interconnecting fracture planes, 
suggesting a later-stage precipitation before, during and after cerussite dissolution/ 
precipitation (two generations of mineral diagenesis) (Plimer 1984). Whilst below the first 
and second levels of the Blackwood Shaft, the oxidation of the garnet quartzite (GQH) 
becomes more refined (1 m wide channels) with gossans gradually becoming less dense 
(minor plumbic coronadite), eventually occurring only in the form of veins and unevenly 
distributed patches, with additional small cerussite crystals loosely cemented by limonite 
(vuggy morphology) (± intense malachite) (Swensson 1977). Additional kaolinite-
dominated mineralisation (900-9000 g/t Ag and 5% Pb) has also been noted to occur in 
three southerly plunging shoots (geological controls) at the boundary between CML 10 
and 11, in which the formation of kaolinite has been noted as being both the product 
weathered metasediments and sulphides (Plimer 1984; Webster 2004). 
 
Overprinting the lower parts of the secondary zone including the oxidation collapse and 
pyromorphite-rich phosphate zones (Figure 2.12) are notably irregular occurrences of 
complex/diverse (poorly documented) mineral assemblages including the cerussite, 
anglesite, pyromorphite, stolzite, smithsonite, wulfenite, azurite, malachite, cuprite, 
embolite and iodyrite which pass directly through the hypogene ore(illuvial) zone (Plimer 
1984; Lawrence & Rafter 1962). Whilst the abundance of cerussite is notably common in 
all surficial regions of the secondary zone, area‟s underlying the gossanous zone are 
substantially enriched in lead carbonate (heterogeneous cerussite), with the latter zone 
occurring between the oxidised ore and primary sulphide interface (Plimer 1984). Based 
on observations by Plimer (1984) area‟s within the carbonate zone (Figure 2.12) contain 
partially preserved galena kernels (skeletal), replaced by cerussite (rim alteration) and 
narrow zones of anglesite (sulphide armouring), whilst sphalerite is completely absent 
(remobilised) within areas local to the old Zinc Corporation‟s Main Shaft (Plimer 1984; 
Moort & Swensson 1984). Beneath these zonations of Fe/Mn oxides/hydroxide, 
carbonates and amorphous compounds lies a crude vertical zonation of  poorly developed 
supergene minerals (supergene galena and sphalerite) between kaolinised zones and the 
underlying hypogene ore (richest at the contact of high-grade ore) (Lawrence & Rafter 
1962). These typically occurs local to joints and cavities as hemispherical /colloform 
masses of rhythmically alternating zones (0.5mm – 6mm) or as coarse grained masses of 
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secondary galena embedded in cryptocrystalline supergene sphalerite and wurzite 
(Lawrence & Rafter 1962).  
 
Whilst the secondary zone of the central/northern mining field has been significantly 
documented by earlier authors, the morphology and extent of the weathering profile (i.e. 
mineralogy and extent) is notably dependent on the local geometry, mineralogy and 
structural integrity of the surrounding geology and therefore cannot be applied over the 
entire extent of the mine sequence (i.e. Southern Operations). Therefore this study aims to 
draw upon newly documented geochemical, petrographic and XRD (lacking in older 
studies) results in order to assess the weathering profile associated with 2 Lens and B 
Lode within the Southern Operations, relative to observations made by earlier academics 
on the central and northern mining fields. 
 
Figure 2.12 A) General zones within a weathering profile (from Robb 2005) B) Zonations 
described by Plimer of the Broken Hill Pb-Zn-Ag orebody within the central mining 
district (from Plimer 1984). 
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3.0 Regolith Geology 
3.1 Introduction  
The formation of the orebody‟s regolith profile relates back to the last glacial maximum 
(Quaternary) in which the regional climate adjusted from a predominately humid state to a 
prevailing arid regime, resulting in both the adjustment of the systems illuvial zone (water 
level) and mechanical/chemical erosion of 60 Mt of mineable ore (>25% of the orebody) 
(Andrews 1922; Plimer 1984). As a result several stages of oxidation have been noted to 
occur in both the surficial vadose zone and capillary fringe above the current standing 
water level (SWL) within the Southern Operations. This has been observed in both 2 Lens 
and B Lode via the presence of reticulate-structural boxworks of Fe-Mn oxides after 
cerussite (± botryoidal/massive plumbic coronadite) overprinting older supergene zones 
(palaeo-water table). Whilst cerussite is notably associated with the major removal/ 
hydrolysis of both supergene and hypogene minerals to a greater depth relative to the 
current modern day water table depth (100 m ± 20 m due to seasonal fluctuations) (Plimer 
1984). Additional oxidation pipes and channels have also been noted by Webster (2004) to 
occur within the illuvial zone (below the watertable) at depths of ~700 m due to the 
enhancement of fluid (oxygen-laden) ingression along interconnecting fault/shear planes, 
relative to the presence of internally stratified ore zones (Table 2.2) including fluorite-
calcite rich ore (between the 19 and 21 levels within 2 Lens).  
 
As a result this advocates that the morphology of the secondary zone associated with the 
Broken Hill orebody cannot be expressed as a simple paragenetic model or mineral zoning 
scheme for oxidised ore over the entire mining field (cf. CML 8 to CML 7). This is 
effectively due to the bulk deformed state (i.e. internal stratification), chemical/ 
mineralogical complexity (i.e. CCH and GQH) and structural geology (i.e. E1SZ and 
BLSZ) of the region, relative to those discussed in Section 2.5 by earlier academics 
(central mining field) and those noted within the study (southern mining field). Therefore 
in order to assess the mineralogy and geometry of the weathering profile associated with 2 
Lens and B Lode, several methods have been employed including geochemical, 
petrographic and field-based analysis of archived drill core. These results are further 
detailed in the sub-sections below relative to distinct horizons including the gossanous 
zone, complex carbonate zone (CCZ) and hypogene ore. Further comments have also been 
made related to relevant literature and the quantification of secondary minerals within the 
oxidation zone, in order to assess the viability of the reserves prior to mining. 
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3.2 Local Structural Geology  
The dominant structures of the Broken Hill Pb-Zn-Ag orebody and adjoining wall rocks 
are consistent with polyphase deformation, high temperature and low pressure 
metamorphic events as discussed in Section 2.3 and further summarised in Table 2.3. 
These events have produced high grade, south verging asymmetrical/isoclinal F2 folds 
including the development of sillimanite-rich (decussate texture) fabric in metapelitic 
units and pegmatitic intrusions within the hinges of cylindrical folds and cross-cutting 
local wall rock facies (see Appendix B). These have been noted to constitute all major 
structures within the mine sequence (e.g. the Broken Hill Synform) (Figure 3.1) and have 
effectively controlled the development of the Adelaide Geosyncline, however it should be 
noted that orebodies do not plunge parallel to the axes of high-grade F2 folds as lode rocks 
traverse F2 fold hinges plunging both northeast and southwest throughout the study area 
(Appendix A). Based on cross-sectional profiling of the area (Appendix A) it is evident 
that B Lode and 2 Lens are located within a tightly downward facing eastern Synform and 
more broader western limb of an inverted F1 nappe, which lie on the overturned limb of 
the Hanging Wall Synform (plunging 25º SW) (Figure 3.1). Additional D₂ fluid phase 
mobilisation including the mass flow (mechanical injection) of plastic sulphides and 
sulphide-silicate brecciation within hinges and transgressive fractures has also been 
identified in drill core especially (i.e. deformed „steely‟ galena) along the marginal 
contacts of 2 Lens and B Lode, and is further discussed in Section 3.3. 
 
The development of two dominant Olarian retrograde shear zones (D3A and D3B) have also 
been identified within the study area (highly schistose units) and have been noted to 
dislocate, attenuate and transverse lode sequences associated with 2 Lens and B Lode at 
acute angles to their axial traces including the East 1 Shear Zone (E1SZ) and B Lode 
Shear Zone (BLSZ) (Figure 3.1). These have been observed to run coplanar with the 
orebodies (NNE-SW strike) spanning an average width of ~0.8 – 5.5 m, with the 
structures dipping approximately 58° and 85° to the NE – SW for E1SZ and BLSZ 
respectively (Figure 2.11). Additional NW-trending faults, joints and fracture complexes 
have also been identified through DDH analysis (via the abundance of chloritic and puggy 
clays), and have effectively contributed to the modification of texture, mineralogy and 
chemistry of 2 Lens and B Lode as a result of fluid-rock interactions.
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Figure 3.1 Generalised stratigraphical cross section of chainage 20 showing the limit of oxidation and hydrolysis. 
43 
 
3.3 Oxidation Zone Morphology  
The morphology of the oxidation/secondary zone is attributed to several factors including 
sulphide locality/geometry, mineralogy and abundance, in association with the 
surrounding structural geology of the area.  As a result several key horizons have been 
defined within the regolith profile of 2 Lens and B Lode (Figure 3.9) relative to E1SZ and 
BLSZ. Whilst small scale repetitions (i.e. oxidation channels) have occurred within minor 
joint and fault complexes, the main secondary horizons of the study area notably decline 
rapidly away from the dominant shear zones which transgress both 2 Lens and B Lode. 
 
The formation of oxidation channels are best developed in 2 Lens and are partially due to 
the greater reactivity of high grade lead lenses (11.06%) to oxidation than zinc lodes (B 
Lode) (5.74%), with the depth of oxidation reaching ~30.00 – 42.80 m below the surface 
between chainage 16 – 20 (Appendix A) as a result of both 2 Lens and East 1 Shear Zone 
breaching the surface topography (Figure 3.1). In relation to Figure 3.2, the depth of 
oxidation then begins to decline both along and laterally (distal) to the orebody‟s 
projection as a result of several factors including: 
 
1- Deepening of the orebody: is attributed to a double plunging configuration of the 
orebody, of which between chainage 22 – 26 gradually dips to the south at 20° 
enabling a deeper cover (~ 5.0 m) of metasedimentary units above 2 Lens. As a 
result the oxidation zone declines accordingly (relative to the depth of 2 Lens) to 
between ~30.00 – 26.70 m. 
2- Absence of sulphide occurrences: the lateral decline in the systems oxidation 
zone is associated with the absence of sulphide projections/occurrences in 
adjoining metasedimentary (wall rock) units. As a result hydrolysis and oxidation 
(i.e. dissolution of iron from pyrrhotite/marmatite) cannot occur, causing a lateral 
decline in oxidation depth to between ~4.30 – 13.90 m. 
3- Increase wall rock competency: the increase in adjoining wall rock competency/ 
structural integrity has been noted from the examination of drill core (< 5 breaks 
per meter) (Figure 3.5) and is notably attributed to the absence of transgressive 
shear zones (i.e. E1SZ and BLSZ) and NW-trending faults laterally from the Line 
of Lode. As a result the permeability/porosity of the surrounding lithology is 
lower, resulting in the inhibition vadose circulation (oxygenated and/or acidic 
fluids). 
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However in relation to B Lode, the oxidation zone is relatively shallow and is depicted in 
the cross sectional profiles in Appendix A and Figure 3.2 as ranging from between ~17.10 
– 30.00 m deep. This is attributed to both B Lode and its associated shear zone (BLSZ) 
occurring at depths between 15 – 25 m (non-breaching structures) between chainage 16 – 
18 and 22 – 26. As a result this has inhibited the formation of an oxidation/secondary zone 
due to several factors including: 
 
1- Siliceous orebody: B Lode is located within the south-western end of the GQH 
and is therefore effectively enclosed (~15 – 25 m) by both metasedimentary and 
siliceous (i.e. low grade blue quartz lode) units as previously detailed in Section 
2.2.1. As a result this has provided sufficient sulphide armouring of B Lode, and 
has effectively inhibited hydrolysis and oxidation of low grade galena (2.99%) and 
sphalerite (5.74%) within the upper stratigraphy. 
2- Subsurface shear zone: analysis of the cross sectional profiles detailed in Figure 
3.1 and Appendix A indicates that the BLSZ does not breach the surface, nor does 
it transgress B Lode (separated ~5.00 to 10.00 m by blue-quartz and/or 
metasedimentary units). As a result the ingression of oxygenated groundwater‟s 
within and adjacent to the lode is effectively inhibited. 
However at chainage 20 B Lode and the associated B Lode Shear Zone (BLSZ) come to 
within ~8.00 to 10.00 m of surface enabling active oxidation and hydrolysis of the 
orebody (to an extent), due to the absence of sufficient overburden (Figure 3.9). This 
anomally has produced a shallower secondary zone, in which certain horizons (i.e. 
Ferruginous and Gossanous Zone) exhibited within the 2 Lens are absent and/or less 
mature within the B Lode regolith profile (Figure 3.9). This occurrence is further 
described in the sub-sections below, relative to field observations, XRD and XRF analysis 
(Appendix B) of the defined horizons. 
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Figure 3.2 Interpolation/contour map of the oxidation zone associated with 2 Lens and B Lode.
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3.3.1 Adjoining Wall Rocks 
Sulphide-rich domains (2 Lens and B Lode) are hosted within several horizons (i.e. GQH, 
CCH and the B Lode Horizon) of the Hangingwall Quartzo-feldspathic Gneiss (Hores 
Gneiss) and consist of a diverse array of companion lithologies. These typically include  
intervening/interbedded bands of lenticular pelite, psammite and/or psammopelite beds 
which contain ragged coarse grained <10 mm almandine/spessartine porphyroblasts (± 
feldspar augens, biotite retrogressed rims and fluorite segregations), thin quartzo-
feldspathic segregations and weak to strong retrogression/sericitisation in area‟s local to 
major shear zones. These metasedimentary units typically display a moderate 
foliation/overprint intensity (0 – 2.5), and additional rock textures including minor 
crenulation, banding, vughs and boxwork structures. At variable depths these facies grade 
into several Potosi Gneiss (upper eastern extent of the study area), sub-economical blue 
quartz lode, Fe-Mn enriched garnet quartzite and minor garnet sandstone sequences, 
which are concurrently cross-cut by leucocratic plumbian orthoclase pegmatitic intrusions 
(± potassic or ferrous alteration) containing fine grain impregnated galena.  
 
 
Figure 3.3 Area of active oxidation/hydrolysis showing limonitic boxwork structures 
adjacent to fresh garnetiferous blue quartz lode (LU). 
 
The distribution of silicified blue-quartz lode (see Appendix A & B) has been observed as 
being concentrated within the B Lode Horizon, consisting of disseminated to interstitial 
galena, sphalerite and pyrrhotite, (± scattered garnet porphyroblasts, ubiquitous sericite 
and limonite) within a quartz-rich matrix. In areas where these sequences approach the 
surface, partial to intense weathering/oxidation (i.e. limonitic ribbing and chalcedonic 
quartz infill) has been noted relative to the decline in the lithologies structural integrity 
(Figure 3.3).  
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Additional textures including intense pitting/vugh and boxwork (exotic limonitic 
encrustation) structures (Figure 3.3) have also been observed within the gossanous/ 
complex carbonate zone (8.00 to 33.00 m) as a direct result of acidic hydrolysis and the 
redissolution of exotic limonite from abundant marmatite and/or pyrrhotite sources. The 
mineralogy of these zones notably transitions (redox barrier) between the complex 
carbonate zone and hypogene ore, in which fine to coarse grained (blebby breccia) Pb-Zn 
mineralisation is effectively preserved due to the neutralisation of prelocating fluids. 
 
The structural geology of these units has been detailed in Appendix B, and infers that 
metasedimentary units proximal to E1SZ, BLSZ and NW-trending fault systems display a 
higher intensity of interconnecting fractures and joints ( >30 breaks per meter) in relation 
to distal units (i.e. Potosi Gneiss) (Figure 3.4). As a result units local to these high strain 
areas exhibit intense Fe-Mn oxide precipitation, increased schistosity and extensive 
retrogression/sericitisation (± chloritisation of garnets) as a result of the successive 
breakdown/weathering of feldspars, mica‟s and aluminosilicates. The breakdown of these 
minerals has notably formed interstratified layering of sericite, chlorite and smectite in 
partial fractures and shear zones as a result of secondary alteration. This is proportionally 
due to the systems high permeability in which interconnecting fracture complexes have 
effectively enabled the drawdown of both acidic and oxygenated meteoric water sources, 
and therefore have effectively controlled the development of the area‟s secondary zone. 
 
 
Figure 3.4 DDH 7015 (down hole depth 18.4 – 25.5 m) showing the formation of highly 
schistose pelitic (PE/SCH) and pug clay (PUG) units within the East 1 Shear Zone 
(E1SZ), with the underlying gossanous zone (GOS) of 2 Lens showing partial sulphide 
armouring, evident via the preservation of galena-sphalerite mineralisation (MIN). 
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Mineralogy of Adjoining Wall Rocks 
XRD analysis of adjoining wall rocks (Figure 3.10) indicates that several metasedimentary 
and pegmatitic units are proportionally enriched in sulphide and secondary mineralisation 
including pyrrhotite (0.8 – 6.0%), chalcocite (0.3 – 1.2%), malachite (0.7%), goethite (1.7 
– 2.9%) and anglesite (1.7%). As a result several comments can be made about the 
surrounding lithology: 
1- Increased permeability of adjoining wall rocks has not only increased the depth of 
oxidation, but has also provided pathways for the downward movement of 
secondary minerals towards the systems water table (illuvial zone). This is evident 
in certain samples (Figure 3.19) via the presence of supergene chalcocite along 
fracture planes. 
2- The presence of pyrrhotite in adjoining wall rocks may indicate that the dissolution 
and reprecipitation of limonite may be potentially indigenous to certain facies. 
However it is more likely that the precipitation of limonite is derived from more 
abundant sulphide reserves from the adjoining 2 Lens and B Lode (i.e. marmatite 
and/or pyrrhotite). 
3- The presence of dolomite (1.0 – 3.0%) within enclosing metasedimentary units 
may notably have an effect on the solubility of cerussite. 
4- The abundance of minor anglesite (and not galena) in pegmatite samples (Figure 
3.10) indicates the complete oxidation of impregnated galena in highly 
fractured/permeable areas. 
5- However in relation to other zones including quartz dominant (26 – 46.1%) areas 
the relative low abundance of iron is suggestive of hallmarks of a low-sulphidation 
zone. 
Additional XRD analysis of quartz lode samples shows a direct contrast between low and 
high grade zones within the B Lode Horizon including quartz (74.5 – 17.7%), sphalerite 
(2.3 – 32.4%), galena (0.0 – 1.9%), pyrrhotite (4.2 – 12.4%), chalcocite (0.0 – 1.6%) and 
anglesite (0.0 – 4.2%). In relation to Figure 3.11 deeper/high grade samples within the B 
Lode Horizon (i.e. 6196_L_91.9) are notably enriched in sphalerite (32.4%) and pyrrhotite 
(12.4%), whilst limonitic minerals (Fe oxides) are absent due to the preservation of 
pyrrhotite and sphalerite from acidic hydrolysis (alkaline conditions).As a result it is 
evident that these observations further substantiate  Plimer‟s (1984) ideology of elemental 
zonation relative to internal stratification of the orebody‟s lenses/lodes i.e. Zn (sphalerite) 
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and Cu (chalcopyrite) increase in grade towards the deeper margins of southern mining 
field (Figure 3.32). 
 
3.3.2 Ferruginous Zone  
The occurrence of a surface lag of ferruginised (± lithic fragments) sediment has been 
documented in Appendix B and is further illustrated in Figure 3.5, extending from 
between 0.00 to 5.00 m below surface. However geochemical and petrographic analysis 
for this zone was not undertaken.  
 
Figure 3.5 DDH 6170 (downhole depth 0.0 to 11.8 m) partial evidence of a ferruginous 
zone overlying limonite stained/retrogressed Potosi Gnesis (rPG) and garnetiferous 
psammopelitic (rPM) facies. 
 
 
3.3.3 Subsurface Gossanous Zone 
The occurrence of a gossanous zone was noted to extend from between 9.0 – 19.0 and 8.0 
– 19.0 m below the surface relative to 2 Lens and B Lode (Figure 3.8). Based on DDH and 
petrographic analysis (see Appendix E & Section 3.4) these zones were noted to consist of 
brecciated/fractured quartz rimmed by colloform/amorphous (± cellular limonite) 
manganese (i.e. coronadite) and iron (i.e. goethite and/or hematite) oxides (Figure 3.14), 
with several facies showing evidence boxwork (Mn-Fe ribbing) structures derived from 
the complete dissolution of cerussite/galena (Figure3.6). Additional structures including 
cavernous (± decomposition of garnets), recemented and kaolinised sillimanite facies have 
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also been noted as partially abundant within this zone, with cavity filling deposits of 
smithsonite, pyromporphite, and minor encrustations (identified by XRF as silver halides 
ranging from 565 – 680 ppm) of possibly bromain chlorargyrite or bromargyrite occurring 
between the transitional contact between gossanous zone and CCZ interface.  
 
The occurrence of these zones were noted as being mature relative to 2 Lens (partially due 
to the high grade of galena), indicated by the complete oxidation/dissolution of lead ore. 
Whilst analysis of B Lode notably indicates that the zone is partially immature in relation 
to oxidation, as galena kernels (refer to Figure 3.15) have only undergone partial oxidation 
(rimmed by cerussite). This can notably be derived from the low grade of lead (2.99%) 
relative to 2 Lens (11.06%) and also due to the considerably amount of overburden (>8.0 
m) overlying B Lode, which has evidently impacted/inhibited the oxidation/hydrolysis of 
sulphides. 
 
 
 
Figure 3.6 DDH 6170 (down hole depth 20.50 – 25.70 m) showing boxwork structures 
with Mn-Fe ribbing, derived from the dissolution of cerussite/galena. 
 
Mineralogy of the Gossanous Zone 
Samples taken from 2 Lens (refer to 6170_LEE_24.7 in Figure 3.12) show partial to 
complete absence of galena (0.5%) which in turn has been converted to cerussite (5.5%) 
and possibly remobilised during later stages of weathering to form boxwork structures 
exhibited in Figure 3.6. Whilst the absence of less stable/highly soluble minerals including 
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pyrrhotite (0.0%), chalcopyrite/chalcocite (0.0%) and sphalerite (0.0%) are also depleted, 
indicative of complete dissolution/hydrolysis during earlier stages of weathering (± biotite 
to illite alteration <10.2%). However in regards to the gossanous zone of B Lode whilst 
sphalerite (0.0%) and chalcopyrite/chalcocite (0.0%) are completely absent (refer to 
8392_GOS_17.2 in Figure 3.12), the abundance of galena (12.8%) and pyrrhotite (2.5%) 
notably reflects the immature state (partial oxidation) of the zone relative to 2 Lens. 
Evidently these zones are further distinguished from the underlying facies (i.e. CCZ) by 
the relative abundance of Fe/Mn oxides (Figure 3.6) including magnetite (1.3 – 1.8%), 
goethite (2.5 – 6.5%), jarosite (0.0 – 1.2%) and coronadite (9.5 – 15.0%). 
 
3.3.4 Complex Carbonate Zone 
The formation of a complex carbonate zone (CCZ) in both B Lode (17.00 – 33.00 m ) and 
2 Lens (19.00 – 53.00 m) (Figure 3.9) is notably enriched in secondary metalliferous 
precipitations including cerussite (± anglesite), botryoidal malachite and smithsonite, 
within a variety of morphological forms/structures including: 
- Complex recemented collapse breccias (local to the base of oxidation). 
-  Massive cerussite deposits (Figure 3.7). 
- Coarse grained crystalline cerussite overgrown by fibrous cerussite (Figure 3.22). 
Additional penetration of blende along cracks, cleavages and grain boundaries relative to 
irregular/exotic veinlets of subordinate smithsonite, cerussite and chalcedonic quartz infill 
(± minor malachite) have also been observed as being enclosed with powdery (earthy) 
oxides precipitated post, pre and coeval with secondary mineralisation (in-situ residues), 
indicative of several phases of oxidation (Figure 3.7). In addition to these key 
observations, several additional comments can be made about the CCZ including: 
 The formation of cerussite (pH 5 – 7) has been noted to co-exist with massive 
sulphide occurrences (i.e. galena and sphalerite) both above and below the 
hypogene ore interface. However in some localities galena is partially replaced by 
insoluble anglesite (rim alteration/colloform embayment processes), which has 
notably acted as sulphide armouring of galena kernels to prevent further oxidation. 
Additional late stage oxidation has also been noted by the conversion of anglesite 
and/or cerussite to massicot (Figure 3.17). 
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 Infill deposits of yellow/brown Fe-oxides associated with the leaching of lode-
bearing/garnet quartzite facies have been observed to contain abundant gouge/vugh 
structures and intense malachite staining. 
 The focus of intense leaching appears to be associated with fluorite-rich ore (see 
Appendix B), which readily undergoes dissolution relative to galena and 
sphalerite. As a result cellular/spongy limonitic boxworks after fluorite and galena 
have been noted to occur within 2 Lens. 
 The formation of botryoidal malachite can be derived from the precipitation of 
copper charged solutions (infill products) which show minor late stage oxidation to 
cuprite (pH 5 – 9) (Figure 3.20). 
 
 
Figure 3.7 A) Drill core showing massive granular cerussite overlain by limonite. B) Infill 
deposits of granular cerussite within minor retrograde shear zones of a pelitic facie. 
 
Mineralogy of the Complex Carbonate Zone 
The mineralogy of 2 Lens consists of an array of carbonate-rich minerals (Figure 3.12) 
within multiple geological structures including cerussite (9.6 – 24.9%), smithsonite (0.6 – 
10.5%) and malachite (0.0 – 2.5%), all of which are less extensive within the B Lode 
weathering profile (Figure 3.12). In addition both orebody‟s show a relatively high 
abundance of sulphides and sulphates compared to the overlying gossanous zone, 
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including galena (0.3 – 3.9%), sphalerite (0.0 – 0.6%), pyrrhotite (0.8 – 2.7%), 
chalcopyrite (0.0 – 0.5%) and anglesite (0.0 – 4.8%) indicating a change in both pH-Eh 
conditions due to the neutralisation of acidic fluids by potassic and carbonate wall rocks, 
and partial sulphide armouring of galena kernels by insoluble anglesite.  
 
3.3.5 Supergene Enrichment Zone 
The erosion of 1.8 Mt of ore from 2 Lens, relative to the overall removal of 60 Mt of Pb-
Zn (± Cu) mineralisation from the entire Broken Hill orebody should evidently correlate to 
a substantial supergene enrichment zone (Plimer 1984). However this is yet to be defined 
in both the following study and by those conducted by earlier authors, due to what Plimer 
(1984) refers to as a two-phase oxidation cycle (rejuvenation and mobilisation) of the 
systems palaeo-supergene enrichment blanket relative to the onset of a prevailing arid 
regime during the last glacial maximum (decline in the systems standing water level). As a 
result only minor/sporadic supergene sulphide zones (Figure 3.18) including indigenous 
(fringing) chalcocite along xenomorphic (rim alteration) chalcopyrite grains have been 
observed within the weathering profile. The migration of these supergene fluids (vadose 
circulation) have notably been inhibited/neutralised contiguously by adjoining potassic/ 
carbonate rich wall rocks, enabling supergene minerals to occur locally from the source. 
Based on XRD analysis the occurrence of supergene minerals have been noted to form 
within all zones of the weathering profile (i.e. gossanous and hypogene ore zones), 
especially within low-sulphide metasediments indicating: 
1- Shear zones and fracture/fault complexes (permeable zones) evidently play an 
important role in the movement of both palaeo and contemporary supergene/ 
sulphide-rich fluids (Figure 3.9) towards the current standing water level (SWL). 
2- The formation of supergene enrichment processes is currently ongoing.  
 
Mineralogy of the Supergene Zone 
Whilst supergene enrichment zones ( ~0.05 – 1.0 m) were previously identified by Plimer 
(1984) within consolidated mining lease 10, the analysis of archived drill core within the 
Southern Operations (between the CCZ and hypogene ore interface) shows no substantial 
evidence of supergene enrichment (Appendix B). However the analysis of XRD results 
within additional zones including the gossanous, hypogene and adjoining 
metasedimentary units indicates that the migration of minor supergene fluids is currently 
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ongoing. This is evident via the abundance of chalcocite in samples collected from 
designated zones (Figure 3.10 to 3.13) including: 
- Metasediments & Pegmatitic units: 0.0 – 1.6% 
- Subsurface Gossanous units: 0.0 – 1.1% 
- Hypogene Ore units: 0.0 – 1.3% 
 
3.3.6 Hypogene Ore 
The identification of hypogene ore has been noted as occurring at several depths (Figure 
3.8) relative to the surrounding structural geology and mineralogy, with general 
observations made from the analysis drill core further supporting observations made by 
various authors/academics in Section 2.2.1 and 2.2.2. The occurrence of hypogene ore has 
notably been defined at two main depths within both 2 Lens and B Lode (excluding minor 
anomalies of sulphide armouring), with the upper interface showing a transitional contact 
(redox barrier/buffer zone) between the Complex Carbonate Zone (CCZ). Based on 
observations described in Appendix B these orebodies have been noted to typically 
represent metamorphosed silicate-sulphide facies (~0.5 – 5.0 mm coarsely crystalline/ 
equigranular grains) consisting of stratiform galena-sphalerite mineralisation (variable 
grade) and associate minerals including both exsolved chalcopyrite, pyrrhotite (along 
cleavage planes) and coarsely banded gangue minerals (identified by XRD). Further 
examination of these facies indicate that they remain conformal/broadly parallel to the 
bedding of adjacent metasedimentary units, with additional late stage pegmatitic ore (± 
minor sulphide impregnation) and sulphide veins/projections showing a transgressive 
relationship with the foliation of enclosing metasedimentary units (parallel to the plunge 
of the orebody). However in order to discriminate between the two orebody‟s distinct/key 
characteristics defined by DDH analysis have been broadly summarised below: 
 
2 Lens Observations: 
The mineralogy of 2 Lens notably represents a calcitic/ heterogeneous orebody 
(convoluted mass) consisting of coarse grained galena/sphalerite (3.0 – 4.0 mm), 
pegmatoid sulphide inclusions, sulphide-silicate pods and transgressive sulphide silicate 
pegmatitic veins which display a sharp contact with the host lithology (CCH) previously 
defined in Section 2.2.1. The outer margins of the lens are noted as highly sheared 
(possibly due to the movement of sulphides during late stage deformation and 
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metasomatic upgrading), consisting of an abundance of steely/deformed galena and fine 
grained sulphide breccias within sericite-quartz facies. Further examination of high-grade 
zones within the study area (ranging from massive to disseminated Pb-Zn mineralisation 
with interstitial lode segments) show an abundance of galena, sphalerite, pyrrhotite and 
minor chalcopyrite in a blebby breccia matrix, with additional gangue minerals further 
defined by XRD analysis (i.e. calc-silicates).  
 
Whilst the occurrence of hydrolysis (i.e. pitting and vugh structures) and oxidation (i.e. 
exotic limonite precipitation) have been noted by Webster (2004) to occur at depths of     
~700 m within 2 Lens as minor oxidation channels within fluorite-rich ore. The internal 
stratification of 2 Lens (summarised in Table 2.2) indicates that these zones, including 
fluorite-calcite and pyrrhotite zones are notably constrained to the 19 – 21 and below the 
16 levels respectively (below study area). As a result whilst oxidation has been observed 
to be relatively shallow within the study area (Figure 3.1 & 3.2), it is likely that a 
secondary oxidation channel/zone (below the hypogene ore) may occur within these 
horizons due both the mineralogy (highly susceptible to dissolution) and ingression of 
oxygenated fluids along E1SZ.  
 
B Lode Observations: 
B Lode represents a siliceous/well developed orebody (lenticular in cross section) 
consisting of similar attributes as 2 Lens however the modification of the lodes structure, 
texture and mineralogy is less mature due to the inhibition of fluid-rock interactions as a 
result of overlying metasedimentary units, less transgressive shear zones and relatively 
low grade blue quartz lode in the upper stratigraphy. 
 
 
Figure 3.8 Typical hypogene ore showing abundant quartz, galena, sphalerite and minor 
pyrrhotite. 
56 
 
Mineralogy of Hypogene Ore 
XRD analysis of hypogene ore samples (Figure 3.13) further indicates that 2 Lens shows 
an expected higher mineral percentage of galena (15.4 – 17.7%) to sphalerite (1.7 – 3.9%) 
than B Lode (2.9 – 6.9% and 0.9 – 37.3% respectively). Whilst additional sulphide and 
secondary minerals including chalcopyrite (0.0 – 1.4%), anglesite (0.0 – 6.9%), cerussite 
(0.0 – 0.6%) and jarosite (0.0 – 2.4%) seem to be less abundant in both orebodies, 
indicating a transitional contact between the CCZ and hypogene ore interface (decreasing 
in abundance with depth). However in relation to additional minerals including primary 
quartz, higher mineral percentages have been noted to occur within B Lode (70.4%) due to 
its strong partitioning with marmatite during mineralisation (discussed in Section 2.2.2). 
Whilst associated gangue minerals within 2 Lens including bustamite (1.8 – 3.2%) and 
hedenbergite (0.4 – 2.8%) show relatively low abundances, and can notably be related to 
observations made by Morland and Webster (1998) (Table 2.2) relative to gangue 
minerals being abundantly associated with rhodonite mineralisation below the 16 levels 
(below study area). 
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Figure 3.9 Zonations/horizons associated with the weathering profile of 2 Lens (right) and B Lode (left), showing key examples of 
mineralogical changes (photomicrographs) relative to depth.
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Figure 3.10 Stacked bar graph of XRD results for metasedimentary and pegmatitic units. 
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Figure 3.11 Stacked bar graph of XRD results for lode-bearing units. 
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Figure 3.12 Stacked bar graph of XRD results for gossanous and carbonate-rich units. 
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Figure 3.13 Stacked bar graph of XRD results for hypogene ore units.
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3.4 Petrography of the Weathering Profile 
Several samples of the weathering profile associated with 2 Lens and B Lode have been 
taken within various horizons and were prepared for petrological analysis at the University 
of Wollongong. The representative samples are discussed below relative to their 
mineralogical/textural relationship within the regolith profile, with additional 
photomicrographs not included in this section further documented in Appendix E. 
 
Subsurface Gossanous Zone 
Mature zones within the gossan (i.e. 2 Lens) consist of brecciated/fractured crystalline 
quartz infilled with amorphous/exotic limonite (massive to botryoidal textures) forming as 
in-situ residues (ribbing) within boxwork after cerussite/galena structures (Figure 3.14; 
3.15). Whilst immature zones within B Lode notably only show partial oxidation of 
sulphides, with anhedral/xenomorphic galena kernels (colloform embayment) being 
notably preserved within granular/massive cerussite and/or anglesite (± pre, syn or post 
limonitic precipitation and/or oxidation to massicot) (Figure 3.16; 3.17). In addition 
sphalerite grains have been noted to show evidence of complete oxidation, evident via the 
occurrence of minor subhedral crystallographic zincite (Figure 3.17) (note perfect 
cleavage ~600µm) adjacent to euhedral galena grains. Relative to Figure 3.17 sections of 
oxidised ore show minor evidence of diamond-mesh boxworks, cross-cut by major ribbing 
structures of indigenous cerussite (derived locally from adjacent galena). Therefore based 
on the diversity of mineral assemblages and morphological forms exhibited within the 
gossanous zone it is evident that these sequences formed as a result of a long and complex 
(multi-phase) oxidation cycle. 
 
Adjoining Wall Rocks & Supergene Enrichment Zone 
Adjoining wall rocks are notably enriched in a silicate/crystalline quartz-rich matrix 
including acicular sillimanite (~0.08 mm crystals), with several samples exhibiting late 
stage deformation (i.e. fracturing) (Figure 3.18; 3.19). These fractures are notably 
lined/encrusted with exotic goethite (massive/earthy to botryoidal textures) and later stage 
replacement by globular/reniform hematite (increasing in abundance local to shears) 
(Figure 3.18). These metasedimentary units (i.e. psammopelitic and pegmatitic units) have 
been noted to contain minor/sporadic supergene minerals along permeable planes, this is 
further detailed in Figure 3.19 and shows fine grained (~250 µm) anhedral chalcopyrite 
(xenomorphic rim alteration) enclosed by indigenous (fringing) polycrystalline chalcocite.  
63 
 
Complex Carbonate Zone 
Petrographic analysis of samples taken from the complex carbonate zone (CCZ) have been 
noted to display a wide arrange of secondary minerals within several morphological 
forms. As a result the following summary has been provided below and includes detailed 
observations made within the secondary zone, relative to photomicrographs provide in 
Appendix E: 
- The formation of cavity infill deposits including botryoidal malachite (Figure 3.20) 
and chrysocolla (Figure 3.23) (± malachite staining) can be derived from the 
precipitation of copper charged solutions within permeable planes, which notably 
show minor late stage oxidation alteration to cuprite and goethite (encrustations) 
along colloform extents (Figure 3.23; 3.24; 3.26). In addition to minor copper 
carbonate concentrations, the development of botryoidal (hemispherical) 
smithsonite has also been noted in adjacent cavities/grain boundaries (i.e. between 
crystalline quartz) with colloidal particles showing several growth stages (Figure 
3.23; 3.24; 3.26). 
- The morphological diversity of cerussite has been extensively documented 
throughout the CCZ and has notably been observed to occur in direct contact with 
primary sulphide units. Examples of these occurrences include: 
o Convex colloform embayment of anhedral (skeletal) galena is notably 
enclosed in granular cerussite, with late stage exotic/botryoidal chalcocite 
(supergene mineral) occurring along contact boundaries with galena 
kernels (Figure 3.21). This notably demonstrates several stages of both in-
situ oxidation and mobilisation of primary galena and chalcopyrite. 
o The occurrence of reticulate cerussite (sinter-like format of twinned 
crystals) has also been observed along existing grain boundaries and 
exposed cleavage planes of galena (possibly acting as sulphide armouring), 
with late stage earthy goethite forming along existing grain boundaries as 
an encrustation/cavity infill deposit (Figure 3.22). 
o Reniform anglesite in Figure 3.25 has been observed to form the ribbing in 
boxwork after galena structures, adjacent to cavities which possibly hosted 
galena kernels. 
- Acicular (150 – 200µm crystals) willemite has been observed to form adjacent to 
possible sphalerite-wurzite mineralisation within the Complex Carbonate Zone 
(Figure 3.25).  
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Hypogene Ore 
Petrographic analysis of hypogene ore indicates that these zones notably display  a high 
abundance of metamorphosed sulphide-silicate (~0.5 – 5.0 mm equigranular grains) units, 
with additional evidence of annealed textures relative to galena-sphalerite mineralisation 
(± additional sulphides and banded gangue minerals). These samples notably exhibit an 
abundance of subhedral to anhedral galena (xenomorphic), with galena grains noted as 
displaying both perfect and curved cleavage planes, in addition to several specimens 
displaying equidimensional subgrain textures (cf. Figure 3.29 & Figure 3.31). Whilst 
sphalerite has notably been observed as being commonly hosted within primary crystalline 
quartz (Figure 3.30), observations noted in relation to Figure 3.28 show additional 
deformation (disruption) of ore assemblages, including decussate textures in enclosing 
quartz/biotite facies (Appendix E). In addition to these observations several comments 
relative to the mineralogy of hypogene ore can also be deduced from the samples of both 2 
Lens and B Lode, these include: 
- Sphalerite notably shows evidence of lamellar twinning. 
- Evidence of coarsely crystalline (arcuate) sphalerite grains have been intergrown 
with galena and consist of free inclusions (± exsolved chalcopyrite and pyrrhotite). 
- The occurrence of minor anisotropism in several samples (Appendix E) may 
indicate fine grain sphalerite-wurzite mineralisation. 
- Differentiation from the CCZ (excluding a transitional zone in the upper hypogene 
ore) is defined by the absence of secondary replacement minerals. 
The observations detailed in Section 3.4 and Appendix E has been further correlated with 
DDH, XRD and XRF results described in the following sub-sections. These findings are 
further discussed in relation to relevant literature detailed in Section 2.0 and form the basis 
of the discussion in Section 4.1. 
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Figure 3.14 Brecciated/fractured quartz (QTZ) infilled with amorphous/exotic goethite (GOE).  
 
 
 
Figure 3.15 Brecciated/fractured quartz (QTZ) with ribbing of amorphous/exotic goethite and hematite 
(GOE/HEM). 
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Figure 3.16 Anhedral galena (GAL) showing evidence of convex colloform embayment (cusps) in 
association with cerussite (CER) (rim alteration) enveloping crystalline quartz fragments. 
 
 
 
Figure 3.17 Subhedral crystallographic zincite (ZNC) showing perfect cleavage, with adjacent euhedral 
galena (GAL) showing rim alteration (colloform embayment‟s) to cerussite (CER) and massicot (MAS). 
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Figure 3.18 Late stage fractures lined with massive goethite (GOE) and reinform hematite intergrowths 
(HEM), surrounded by an acicular/drusy sillimanite rich matrix (SIL) (~0.08 mm crystals). 
 
 
 
Figure 3.19 Fine grain anhedral chalcopyrite (CHP) with xenomorphic rims, enclosed by indigenous 
polycrystalline chalcocite (CHA) along preferential/permeable planes (i.e. fractures).  
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Figure 3.20 Botryoidal malachite (MAL) and additional malachite staining, showing evidence of 
additional oxidation/diagenesis with outer colloform extents converting to possibly cuprite (CUP). 
 
 
 
Figure 3.21 Anhedral galena (GAL) showing evidence of convex colloform embayment (cusps) 
surrounded by granular cerussite (CER) and later stage granular chalcocite (CHA). 
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Figure 3.22 Anhedral galena (GAL) showing reticulate cerussite (CER) overgrowths both along existing 
grain boundaries and exposed cleavage planes, with late stage goethite forming along grain boundaries. 
 
 
 
Figure 3.23 Botryoidal chrysocolla (CHY) (cavity infill deposit) showing several growth stages adjacent 
to botryoidal smithsonite (SMT) with late stage goethite developing along colloform extents. 
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Figure 3.24 botryoidal smithsonite (SMT) (sub F transparent/translucent) showing late stage goethite 
developments along colloform extents. 
 
 
 
Figure 3.25 Acicular willemite (WIL) forming adjacent to anhedral sphalerite (SPH), with possibly 
additional wurtzite crystals (brown/red) forming on sphalerite grains. 
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Figure 3.26 Botryoidal (hemispherical) smithsonite (SMT) with colloidal particles showing several 
growth stages along crystalline quartz (QTZ) grain boundaries. 
 
 
 
Figure 3.27 Reniform anglesite (ANG) forming the ribbing in a boxwork structure, showing adjacent 
voids/cavities (CAV) which may have previously hosted galena kernels. 
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Figure 3.28 (B Lode) Deformed/medium grained anhedral sphalerite (SPH) (isotropic) in a crystalline 
quartz (QTZ) and biotite rich matrix (decussate texture noted in additional photomicrographs, see 
Appendix E). 
 
 
 
Figure 3.29 (B Lode) Medium grained subhedral galena (GAL) (note perfect cleavage planes) containing 
blebs of xenomorphic/anhedral sphalerite (SPH) in a blebby breccia matrix. 
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Figure 3.30 (B Lode) Fine to medium grained anhedral sphalerite (SPH) with isometric/subhedral galena 
(GAL) within a crystalline quartz-rich (QTZ) matrix. 
 
 
 
Figure 3.31 (2 Lens) Anhedral galena (GAL) showing curved cleavage planes with equidimensional 
subgrain texture, adjacent to anhedral sphalerite (SPH) showing evidence of lamellar twins (in a blebby 
breccia matrix
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3.5 Geochemistry of the Weathering Profile 
Geochemical analysis of 16 preselected DDH‟s (Table 1.1) was conducted through both 
Perilya Limited‟s existing service provider (Onsite Laboratory Services) and through 
additional XRF major/trace elemental analysis at the University of Wollongong. These results 
have been further summarised in Figure 3.33; 3.34; 3.35 and Appendix D, with lead/zinc 
oxide values correlated to the corresponding lead/zinc weight percentage values in order to 
determine the degree/magnitude of oxidation that has occurred within each defined section 
(Appendix D). The following sub-sections further discuss the significance of these results, in 
relation to distinct horizons (i.e. elemental zonations) defined both in Section 3.3 and by 
those acknowledge by Plimer (1984) in Section 2.5 and Figure 3.32. 
 
 
Figure 3.32 Unfolded longitudinal section of the Broken Hill orebody from the northern to 
southern part of the mining field, showing elemental zonations across the strike of the deposit 
(from Plimer 1984). 
 
 
3.5.1 No. 2 Lens Secondary Zone 
Analysis of the weathering profile associated with 2 Lens (calcitic orebody) indicates several 
distinct element distributions/zonations which separate it from the adjacent complex. These 
have been further subdivided into several key horizons including: 
 
2 Lens Subsurface Gossanous Zone  
The abundance of lead (declines in grade from 54.0 – 8.0%) and zinc (increases in grade 
from1.3 – 12.8%) represents an inverse relationship with depth (Figure 3.32), whilst copper 
abundance remains negligible/sub-economical (0.0 – 0.53%). This is partially due to lead 
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being relatively insoluble compared to highly mobile sulphides such as sphalerite (marmatite) 
and chalcopyrite under highly oxidising/acidic conditions (i.e. <7.5% sulphur trioxide). 
Based on the comparison of Pb and Zn values relative to PbO and ZnO weight percentages 
(Appendix D) the gossanous zone shows on average of between 23 – 100% oxidation within 
sampled ore. This conformable relationship is proportional to the grade of Pb/Zn ore, with the 
anomaly peaking within the gossanous horizon as depicted in Figure 3.33. Whilst the 
distribution of iron (10.1 – 3.1%) and iron (III) oxide (13.4 – 4.5%) shows a slight decline in 
abundance relative to depth, with the peak notably offset relative to an increase in Zn 
(marmatite) concentrations (Figure 3.33). This occurrence maybe derived from the 
formation/enrichment of limonite within the upper gossanous zone as a result of the 
dissolution/breakdown of iron-rich sulphides (i.e. pyrrhotite and/or marmatite) and relative to 
the high concentration/development of sulphur (< 30035 ppm), sulphur trioxide (7.5 – 6.6%) 
and trace elements including cadmium (84.0 – 1554.0 ppm) and tellurium (0 – 426 ppm) 
partitioned from the leaching of sphalerite, galena and pyrrhotite. 
 
In addition to these elemental zonations the enrichment of silver (previously detailed in 
Section 3.3.3) within the gossanous zone (565 ppm) is evident when comparing abundances 
from both the underlying CCZ and hypogene ore (average abundance of 151 ppm) (Figure 
3.35). This anomally is supported by observations made by Plimer (1984) and is further 
detailed in Section 2.5 and 3.3. However the enrichment of Mn (< 51800 ppm) and MnO (0.6 
– 6.7%) with depth (i.e. CCZ), notably represents a dilemma as Pb-Zn-Ag mineralisation has 
been noted in the previous sections as being antipathetic to manganesian deposition. As a 
result the increase in Mn abundance within the regolith profile can only be derived through 
weathering/reprecipitation of silicate minerals preferably along interconnecting fracture 
complexes and the permeable E1SZ. 
 
2 Lenses Complex Carbonate Zone & Hypogene Ore 
The transitional contact (~13.0 m) between the lower gossanous unit and the CCZ shows a 
general increase in sphalerite (<14.2%) whilst the grade of galena normalises at 17.8% .This 
anomaly relates to Plimer‟s (1984) observations detailed in Figure 3.32 and are locally the 
result of optimal conditions within the CCZ in regards to stability field conditions (i.e. pH-
Eh) for the deposition of sphalerite/smithsonite (identified in Section 3.4). This can ultimately 
be correlated to the gradual decline in sulphur (<30035 ppm), sulphur trioxide (7.5 – 6.6%) 
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and relative to the increase in Ca (7162 – 34875 ppm) and CaO (1.0 – 4.9%) as a result of 
several factors: 
1- 2 Lens being hosted within the calc-silicate horizon, in which the base metal 
deposition of lead is preferentially associated with fluorite (Ca). 
2- The gradual decline in acidic conditions (i.e. preservation of pyrrhotite and/or 
neutralisation of sulphuric acid) has notably increased carbonate availability within 
both the CCZ and hypogene ore horizons resulting in a general increase in lead, zinc 
and copper carbonates with depth (>19.0 m). 
 
3.5.2 B Lode Secondary Zone 
Further analysis of the weathering profile associated with B Lode (siliceous orebody) 
indicates several distinct elemental horizons in relation to the secondary zone of 2 Lens. 
These have been further subdivided into several key horizons including: 
 
B Lode Subsurface Gossanous Zone  
The abundance of lead (< 54.0%) drastically declines over a transitional contact between the 
CCZ and hypogene ore (average weight percentage of 9.76%), with the abundance of zinc 
showing an inverse relationship with depth relative to several high grade zones identified at 
37 m (28.58 %) and 52 m (26.5 %) (Figure 3.34). Relative to these weight percentage values 
PbO/ZnO shows a conformable relationship relative to the grade of Pb/Zn, with the 
gossanous zone showing on average of between 5 – 100% oxidation within sampled ore 
(Appendix D). However the intensity of Pb/Zn oxidation drastically declines over a 
transitional contact between the CCZ and hypogene ore interface (fresh/clean ore) in which 
PbO and ZnO show a weight percentage of 0.51% and 0.81% respectively. Relative to these 
elemental zones an additional absence/low abundance of MnO (0.1 – 1.1%), CaO (0.0 – 
1.5%) and trace elements of cadmium (74.0 – 655.0 ppm) and tellurium (0.0 – 426.0 ppm), 
previously noted within the regolith profile of 2 Lens indicates several key findings: 
1- The low abundance of Mn, Te and Cd (trace elements) notably reflects the immature 
nature of the B Lode gossanous zone/weathering profile (limited leaching of 
sulphides), whilst the limited abundance of carbonates (Ca <10510 ppm) can be 
notably derived from B Lode being hosted within a siliceous dominant horizon (i.e. 
GQH and B Lode Horizon). 
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2- Due to limited carbonate, prelocating fluids cannot be neutralised as effectively as 
those within the 2 Lens profile, therefore sulphur (< 59103 ppm) and sulphur trioxide 
(<14.9%) percentages are higher within the B Lode profile. 
In addition to these elemental zones, the enrichment of silver (previously detailed in Section 
3.3.3 & 3.5.1) within the gossanous zone (680ppm) of B Lode (Figure 3.35) is evident when 
in comparison to the underlying CCZ and hypogene ore (145 ppm). 
 
B Lode Complex Carbonate Zone & Hypogene Ore 
The occurrence of several high grade zinc zones (<26.58%) and 26.50%), reflected as peaks 
within Figure 3.34 show a relatively strong correlation with the increase in iron (< 7.75%), 
iron (III) oxide (1.70 – 10.40 %) and SiO2 (2.6 – 9.9%). This evidently can be derived from 
two factors including: 
1- The formation/enrichment of limonite as a result of the dissolution/breakdown of 
iron-rich sulphides (i.e. pyrrhotite and/or marmatite). 
2- Base metal deposition of zinc being preferentially associated with Si and Fe. 
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Figure 3.33 Vertical profile of elemental zonations/trends associated with 2 Lens. 
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Figure 3.34 Vertical profile of elemental zonations/trends associated with B Lode. 
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Figure 3.35 Vertical profile of silver distribution associated with 2 Lens (left) and B 
Lode (right).
10 
15 
20 
25 
30 
35 
40 
45 
50 
0 200 400 600 800 
D
e
p
th
 (m
) 
Element percentage (ppm) 
Silver Zonation Associated with 2 Lens 
Ag 
16 
21 
26 
31 
36 
41 
46 
51 
0 100 200 300 400 500 600 
D
e
p
th
 (m
) 
Element percentage (ppm) 
Silver Zonation Associated with B Lode 
Ag 
G.Z 
G.Z 
C.C.Z 
C.C.Z 
H.O 
81 
 
3.6 Mineralisation & Ore Tonnage Quantification 
 
Based on the defined methodology (described in Section 1.6) the following quantities for 
secondary lead and zinc minerals have been estimated using Maptek‟s Vulcan software 
package. These findings have been summarised in the table below (Table 3.1) and will be 
used to discuss the viability/recovery of near surface reserves within the study area.  
 
Table 3.1 Summary of estimated ore grades as defined by Maptek‟s Vulcan software. 
 
 
 
Based on the extent of oxidation (see Figure 3.9) approximately 32,245.17 t of combined 
Pb/Zn ore is situated above the limit of oxidation, consisting of: 
- 2 Lens (Calcitic Orebody): 
Galena: 3,191.13 t 
Sphalerite: 851.16 t 
- B Lode (Siliceous Orebody): 
Galena: 101.43 t 
Sphalerite: 194.72 t 
Of this an estimated 39% of galena and 38% of sphalerite has been oxidised forming 
secondary minerals including smithsonite, anglesite and cerussite. Based on the 
percentage average difference between the assayed hypogene and oxidised ore (see 
Appendix D) the following quantities for secondary minerals have been estimated:: 
- 2 Lens (Calcitic Orebody): 
Cerussite/anglesite: 1,244.54 t  
Smithsonite/zincite: 323.44 t 
- B Lode (Siliceous Orebody): 
- Cerussite/anglesite: 39.56 t 
- Smithsonite/zincite: 73.99 t 
As a result a combined total of 1,681.53 t of pre-existing hypogene ore has been oxidised 
to form secondary minerals, in relation to the overall estimated reserve (81 kT of Pb/Zn 
ore) this calculates to approximately 2.076 % of the near surface ore.
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4.0 Conclusions 
4.1 Interpretation & Discussion 
The information presented as part of this study further supports the analogue of a two-
phase oxidation cycle previously proposed by Plimer (1984) in which the development of 
the orebody‟s secondary zone is notably the result of a decline in the regions palaeo-water 
table (illuvial zone) relative to a change in climatic conditions (arid regime) during the last 
glacial maximum (Quaternary) (Andrews 1922). As a result an estimated 60 Mt of 
mineable ore (1.8 Mt from 2 Lens) has been removed due to chemical/mechanical 
weathering, relative to the rejuvenation (remobilisation) and overprinting of palaeo-
supergene zones by reticulate/exotic Fe/Mn (limonitic and/or plumbic coronadite ribbing) 
boxwork structures after cerussite/galena in both the upper oxidation zones of 2 Lens and 
B Lode (Figure 3.6; 3.9). Additional mineral assemblages including recemented collapse 
(slumping) breccias, kaolinised sillimanite facies (± chloritisation of spessartine) and 
minor infill deposits of subordinate/botryoidal smithsonite, pyromporphite, exotic 
(massive to botryoidal) limonite and sporadic encrustations of silver halides (565 – 680 
ppm) further support observations detailed by Plimer (1984) and Webster (2006) in 
regards to the central mining district, with the diversification of mineralogy within several 
morphological forms further reinforcing the ideology of a multi-phase oxidation cycle. 
 
However further investigation into the extent and intensity of the weathering profile 
associated with 2 Lens and B Lode indicates a shallower secondary zone (~17.20 – 42.80 
m), relative to those defined by both Birch (1999) and Webster (2006) in adjacent CML‟s 
(~60 – 120 m). This is notably attributed to the geometry and mineralogy (i.e. internal 
stratification) of 2 Lens and B Lode, relative to the attenuation of local transgressive shear 
zones (i.e. E1SZ and BLSZ). As a result the oxidation/secondary zones of both 2 Lens and 
B Lode are noted to decline in both depth and intensity (Figure 3.9) along strike (sections 
16 – 26) due to the orebody‟s double plunging configuration (20° to the south), enabling 
sufficient overburden (~5 – 25 m) of the Hores Gneiss to inhibit fluid ingression. Whilst 
the lateral decline in the oxidation from the Line of Lode can be attributed to a decline in 
sulphide abundance (i.e. marmatite and pyrrhotite) and increase in wall rock competency 
(i.e. limited schistosity, fracturing and interconnecting joint planes) distal from D3A – D3B 
Olarian retrograde shear zones (see Appendix B). However in comparison (cf. 2 Lens and 
B Lode) the maturity of these secondary zones can notably be distinguished as a result of 
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petrographic (internal stratification), geochemical and morphological factors associated 
with each individual orebody (cf. calcitic and siliceous orebodies). 
 
In relation to 2 Lens the orebody notably shows extensive oxidation (23 – 100%) of high 
grade lead ores (11.06%) along a strongly linear oxidation (gossanous) zone (9.0 – 19.0 
m), due to both the lens and associate transgressive shear zone (E1SZ) breaching the 
surface topography. As a result this has enabled intense fluid ingression of oxygenated/ 
acidic fluids (hydrolytic reactions) through interlocking permeable planes, resulting in 
adjoining wall rocks (i.e. schistose pelitic-psammopelitic units) exhibiting strong 
retrogression (± chloritisation of garnets and biotite-illite-sericite alteration) and additional 
late stage reniform hematite replacement of massive goethite infill deposits (higher 
prevalence locally to shears) (Figure 3.5; 3.18). Whilst the extent of oxidation (~42.80 m) 
is relatively low in respect to those exhibited in the central mining field, additional 
observations of drill core including the minor abundance of cellular/spongy limonitic 
webwork and boxwork structures after fluorite (highly soluble) notably support further 
observations made by Webster (2004) in regards to the development of deep oxidation 
channels (~700 m) relative to nodular fluorite-rich ore between the 19 – 21 levels (Table 
2.1). As a result a secondary oxidation zone may potentially surpass the hypogene ore 
(>53 m below the illuvial zone) within the Southern Operations due to enhanced 
permeability along the East 1 Shear Zone, however this has not been substantiated.  
 
However in regards to the oxidation/gossanous zone associated with B Lode (8.0 – 19.0 
m), the extent and intensity of secondary mineral assemblages is relatively immature with 
sulphides showing only partial oxidation (5 – 100%), relative to extensive sulphide 
armouring of indigenous cerussite/anglesite within diamond-mesh boxwork structures of 
galena (rim alteration along galena kernels) (Figure 3.16; 3.17). The immaturity of this 
zone can be derived from observations made by both Plimer (1984) and Webster (2004) in 
relation to the lodes lenticular geometry and positioning within the southwestern end of 
garnet quartzite horizon (see Appendix A). As a result an estimated ~15 – 25 m of 
siliceous low grade blue quartz lode (2.99%) and metasedimentary units both overlie and 
separate the BLSZ from deeper high grade Pb-Zn mineralisation zones (26.58% and 
26.50%). This occurrence has notably inhibited oxidation due to sufficient armouring of 
sulphides and can be further correlated to observations made by Swensson (1977) relative 
to the reduction in oxidation within the first and second levels of the Blackwood Shaft. As 
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a result the gossanous zone has been noted to display an absence/low abundance of MnO 
(0.1 – 1.1%), CaO (0.0 – 1.5%) and trace elements of cadmium (74.0 – 655.0 ppm) and 
tellurium (0.0 – 426.0 ppm), previously noted within the regolith profile of 2 Lens as 
being abundant (see Section 3.5.1). These elemental zonations of tellurium and cadmium 
within the upper gossanous zone have been previously referred to by Birch (1999) as the 
result of limited leaching of associated sulphides (i.e. galena, sphalerite and pyrrhotite), 
whilst the limited availability of carbonates (Ca <10510 ppm) is relative to B Lodes 
position within a siliceous dominant horizon (i.e. GQH and B Lode Horizon). Further 
classification of these zones relative to underlying facies can be made by the relative 
abundance in goethite (2.5 – 6.5%), jarosite (0.0 – 1.2%) and coronadite (9.5% - 15.0%). 
Whilst the enrichment of Fe (<7.75%) is notably high in the gossanous zones of both 2 
Lens and B Lode (i.e. limonitic precipitates) additional areas below the illuvial zone are 
notably enriched relative to the increase in sphalerite grade with depth (conformable 
relationship) (Figure 3.33; 3.34). This anomaly can be correlated to findings by Walters 
(1998) relative to the deposition of base metals within the Broken Hill orebody, in which 
he associates lead as being preferentially partitioned with calcium ± fluorite (i.e. CCH) 
and zinc with iron (marmatite) and primary quartz (i.e. GQH).  
 
Whilst the abundance of cerussite is common in all regions of the secondary zone, area‟s 
underlying the gossanous zone (i.e. CCZ) are substantially enriched with secondary 
metalliferous precipitations, with the latter extremities of the complex carbonate zone 
extending past the hypogene ore interface (~13.0 m transitional/redox barrier) in regards 
to modern day water table (illuvial zone) (100 m ± 20 m deep due to seasonal variations). 
The morphology of this region in both B Lode (17.0 – 33.0 m) and 2 Lens (19.0 – 53.0 m) 
is consistent with the involvement of carbon dioxide, relative to the dissolution of 
dolomite (1.0 – 3.0%) and additional carbonate-rich rocks (i.e. CCH). As a result an 
increase in alkalinity (pH 5 – 7) is evident via the gradual decline in sulphur (<30035 
ppm), sulphur trioxide (7.5 – 6.6%) and relative to the increase in Ca (7162 – 34875 ppm) 
and CaO (1.0 – 4.9%). These elemental abundances are notably indicators for a gradual 
decline in acidic conditions (i.e. preservation of pyrrhotite and/or neutralisation of 
sulphuric acid) and correlate to an increase in carbonate availability within both the CCZ 
and hypogene ore horizons resulting in a general increase in lead (~17.8%), zinc 
(<26.58%) and copper carbonate minerals with depth (>19.0 m). These minerals have 
been observed to occur within an array of morphological forms and are detailed in Section 
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3.4 , with further evidence of granular cerussite/anglesite, botryoidal malachite and 
botryoidal (hemispherical) smithsonite showing morphological traits of a complex 
oxidation cycle previously stipulated by Plimer (1984). This includes the deposition of 
powdery (earthy) limonite encrustations occurring before, during and after precipitation 
stages of lead and zinc carbonates, whilst additional late stage oxidation of carbonates 
noted along colloform extents (i.e. massicot and cuprite) (Figure 3.20; 3.21; 3.22; 3.24). 
 
In addition to several oxidation cycles, the occurrence of sporadic polycrystalline 
(indigenous to exotic) chalcocite has also been identified by XRD and petrographic 
analysis to occur within all horizons of the secondary zone (migrating towards the illuvial 
zone) (Figure 3.19) , however the occurrence of a substantial/economic supergene zone 
has yet to be defined within the mine sequence. This is proportionally due to the 
redissolution of the systems palaeo-supergene blanket along similar pathways (i.e. shear 
zones) utilised by contemporary supergene fluids. However the occurrence of these fluids 
have been noted to be contiguously inhibited/neutralised by adjoining potassic/carbonate 
rich wall rocks, resulting in indigenous chalcocite (fringing) being emplaced along 
xenomorphic chalcopyrite (rim alteration). Evidently the low abundance of secondary 
copper minerals (0.0 – 0.53%) within the weathering profile of 2 Lens and B Lode can be 
further related to the depositional history of the Broken Hill orebody (Section 2.2.2), 
relative to the fractional crystallisation of ferrotholeiite magma‟s along the C Lode Fault 
(Giles et al. 2009). As a result Giles et al. (2009) suggests that Cu was effectively 
partitioned out during the magmatic vapour phase of fractional crystallisation, allowing Pb 
and Zn to remain within the magmatic source rock.  
 
Therefore based on the analysis of the weathering profile associated with 2 Lens and B 
Lode the viability of the reserve in relation to metallurgical recovery appears to be 
relatively high with only 1681.53 t of ore, constituting 2.076% of the defined near surface 
reserve requiring additional treatment. As a result it can therefore be confirmed that near 
surface mining operations within the study area represent a low risk – high yield scenario 
in area‟s deeper than 17.0 – 19.0 m (below the hypogene ore interface). However there is 
still a high degree of uncertainty relative to fluid-rock interactions within both 2 Lens and 
B Lode between sections 10 – 16 and 26 – 30.  
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4.2 Concluding Statement 
In conclusion, the information presented as part of this study strongly supports Plimer‟s 
(1984) ideology of a two-phase oxidation cycle in relation to a decline in the regions 
palaeo-water table (illuvial zone) during the onset of a prevailing arid regime (after the last 
glacial maximum). This is effectively noted by the development of an array of 
mineralogical assemblages within several morphological forms which indicate a 
prolonged and dynamic oxidation history in both 2 Lens and B Lode within the Southern 
Operations. However the analysis of both 2 Lens and B Lodes secondary zones have 
shown several discrepancies (i.e. depth of oxidation and elemental/mineral zonations) 
which discredit the ideology of a simple paragenetic model for oxidised ore over the entire 
mining field (cf. CML 8 to CML 7). This is notably the result of both lens/lode geometry 
and mineralogy (i.e. calcitic or siliceous orebodies), relative to both adjoining wall rock 
properties (cf. CCH and GQH) and the regions structural geology (i.e. E1SZ and BLZS) 
which have effectively defined the extent and intensity of the weathering profile. 
Therefore whilst the weathering profile has been extensively documented between 
sections 16 – 26 and concluded to represent a low risk – high yield reserve (2.076% of 
mineable ore requires additional treatment), relative to the metallurgical recovery of 81 kT 
Pb/Zn ore. Further study is required in relation to the deposits secondary zones including 
variations in the mineralogy and morphology with depth, relative to siliceous and calcitic 
orebodies between sections 10 – 16 and 26 – 30 within the Southern Operations. 
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Comments 
0.00 –14.00 JNT, BRK 1.0 
LEE, VUG, 
PEG 
- - F PE 95 PEG 5 - - 3.5 
Upper leached (eluvial) zone containing highly oxidised pelite (± minor psammite and psammopelite bands) units which 
display jointing throughout the facie, predominately along the defined foliation plane (defined by sillimanite and biotite 
elongation). This corresponds to intense weathering along these planes (breaks per meter are in excess of +20) containing 
m- scale veins of Mn/Fe oxide precipitates along fracture and grain boundaries. Sericite alteration also noted to be local 
along minor shear zones. 
14.00 – 16.00 JNT, BRK 1.0 
LEE, VUG, 
PEG 
- - F PE 97 PEG 3 - - 2.5 
16.00 – 29.10 JNT, BRK 1.0 
LEE, VUG, 
PEG 
- - F PE 87 PEG 13 - - 2.5 
29.10 – 30.10 JNT, BRK 1.0 LEE - - F PE 100 - - - - 2.5 
30.10 – 31.50 
SHR, JNT, 
BRK 
1.0 
LEE, VUG, 
PIT 
DIS INT - L 100 - - - - 1.5 
Oxidised blue quartz-gahnite (± garnet) lode. At depths < 30.8m down hole sulphides are preserved however deeper within 
the profile intense oxidation and remobilisation occurs relative to a decline in the rocks competency (+30 breaks) due to 
local shear zones which extend into the underlying psammopelite units. This area notably contains extensive Fe/Mn oxides 
localised to fracture planes, with minor brecciation of a gahnite-rich zone at 30.7m which is notably infilled with chalcedonic 
quartz. 
31.50 – 32.50 
SHR. JNT, 
BRK, R 
1.0 
LEE, VUG, 
PEG 
- - F PM 100 - - - - 3.5 
Psammopelite containing strongly sheared fabric within minor sericite retrogression which has developed along joint planes 
and is readily weathered as a result of fluid ingression. The intrusion of plumbian orthoclase pegmatitic segregations 
features minor impregnation of galena between 32.9 –33.2m, with pegmatite contacts trending parallel to the foliation. Core 
is extensively broken within Fe/Mn oxide precipitated occurring along fracture planes (extensive between 32.9 – 34.0m). 
32.50 – 34.10 
SHR, JNT, 
BRK, R 
1.0 
LEE, VUG, 
PEG 
- - F PM 55 - - - - 2.5 
34.10 – 35.30 JNT, BRK 1.0 LEE, PIT DIS INT - LU 97 MIN 3 - - 1.5 
Blue quartz lode containing disseminated sulphides, with minor Fe oxides along joint planes (relatively fresh facie 
containing minor pitting). Garnet quartzite development at 34.2 – 34.4 m notably contains laminated fabric with patchy 
garnets within the matrix. 
35.30 – 36.00 JNT, BRK 1.0 
LEE, BOX, 
PIT 
DIS - - GOS 60 MIN 40 - - 4.5 Gossanous blue quartz-gahnite (sericitised) lode, mostly reduced to goethitic/limonitic facies in a silica boxwork structure. 
36.00 – 37.50 JNT, R 2.0 LEE DIS INT M PEG 100 - - - - 1.0 Silicified retrogressed pegmatite (± plumbian orthoclase) containing  strongly altered sericite and fine grain impregnated 
galena, with infrequent coarse-grained garnets of which minor orange alteration is thought to be potassic or ferrous in 
origin. Additional area's exhibit the reduction of the unit’s structure to weathered sericitic clays but is only noted in minor 
areas. The decline in oxidation and associate minerals may be due to an increase in the overlying wall rocks competency 
(breaks per meter < 7) and/or abundance of resistant minerals (i.e. quartz) which have notably inhibited 
weathering.(GENERAL LIMIT OF OXIDATION 39.10 m) 
37.50 – 39.10 JNT, R 2.0 LEE DIS INT M PEG 100 - - - - 1.0 
39.10 – 42.80  
JNT, BRK, 
R 
1.0 LEE, PIT DIS INT F LU 100 - - - - 0.5 
Blue quartz-gahnite lode underlying retrogressed pegmatite layers, which contain scattered garnets porphs, disseminated 
sulphides and chlorite/Fe oxides along localized joint planes (note: the intensity of oxidation and weathering is heavily 
reduced due to an increase in competency of the overlying stratigraphy). 42.80 – 46.00 JNT 1.0 LEE, PIT DIS INT F LU 100 - - - - 0.5 
46.00 – 48.00 JNT 1.0 LEE, PIT DIS INT M LU 60 MIN 40 - - 1.0 Mineralised blue quartz-gahnite lode containing disseminated sulphides with minor pitting and joint structures throughout 
the facie. These joints are notably lined with chlorite ± Fe oxides (evidence of hydrolysis and oxidation of local sulphide 
masses noted). 
48.00 – 50.30 JNT 1.0 LEE, PIT DIS INT M LU 60 MIN 40 - - 1.0 
50.30 – 55.50 R 1.5 SPT - -  SPM 95 L 5 - - 0.5 Spotted psammopelite (retrograde foliation, ± sericite alteration) overprinted by variable facies of blue  
      M        quartz-gahnite lode and associated minor disseminated/interstitial mineralisation, containing infrequent veins of oxidised 
minerals and sulphides (stringers). Additional retrogressed pegmatitic segregations containing blue quartz-gahnite lode, 
with some green feldspar segregations occur at the end of the interval. Massive sulphide areas (locally  
55.50 – 56.50 JNT, R 1.0 SPT DIS INT M L 45 SPM 40 MIN 15 1.0 
56.50 – 57.00 JNT, R 1.0 SPT DIS INT M L 50 SPM 30 MIN 20 1.0 
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abundant sphalerite) are noted to be extremely friable, whether this is related to -pre or post drill weathering is unknown. 
Therefore it can be asserted that whilst iron oxides are limited, a phasing out period of the systems rock buffer zone or 
partial drop in the systems palaeo-groundwater level has resulted in minor weathering until approximately 88.0 m 
downhole. 
57.00 – 63.00 JNT, R 1.5 SPT - - M SPM 100 - - - - 0.5 
63.00 – 63.50 JNT, R 1.0 SPT DIS INT M MIN L SPM 40 SPM 15 0.5 
63.50 – 67.60 R 1.5 SPT - - M SPM 100 - - - - 0.5 
67.60 – 68.10 R 1.0 SPT DIS INT M MIN 55 SPM 45 - - 0.5 
68.10 – 78.70 R 1.5 SPT - - M SPM 100 - - - - 0.5 
78.70 – 79.60 R 1.5 PEG - - M PEG 100 - - - - 0.5 Sericitised strained pegmatite containing potassic alteration (± garnet porphs and biotite aggregates) throughout the facie. 
79.60 – 82.90 R 1.5 SPT DIS INT M SPM 100 - - - - 0.3 
Silicified spotted psammopelite containing infrequent plumbian orthoclase pegmatitic segregations with minor blue quartz-
gahnite lode associated with pyrrhotite and chalcopyrite (± minor joints lined with chlorite and sulphides). 
82.90 – 83.50  JNT, R 1.5 PEG - - M PEG 100 - - - - 0.3 Sericitised pegmatite (±plumbian orthoclase) which is notably affected by several sheared/joint planes, infilled with clays 
and sericite (± chloritisation of garnets). The preservation of pyrrhotite in the overlying stratigraphy indicates the limitation 
of acid hydrolysis and oxidation, therefore it can be suggested that the extent of weathering ends roughly around this 
depth. 
83.50 – 83.70 JNT, R 1.5 PEG - - M PEG 100 - - - - 0.3 
83.70 – 88.00 R 1.5 SPT - - M SPM 100 - - - - 0.3 
Retrogressed spotted psammopelite containing silicified blue quartz-gahnite lode, associated with sulphides and chlorite/Fe 
oxides (minor) along minor joint planes.  The maximum extent of oxidation and weathering ends at this point, however 
area’s local to interconnecting shear zones may extend below this point i.e.  137.9 to186.5m. (GENERAL LIMIT OF 
WEATHERING 88.0 m) 
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Comments 
0.00 – 13.70 BRK, SHR 1.5 LEE, VUG - - F PE 100 - - - - 5.0 Highly oxidised pelite (extensively along grain and fracture boundaries) in which aluminosilicates have been weathered 
down to clays with the rock structure being completely destroyed/leached local to a shear structure near ~ 17.1m. As a 
result weathering is intensified via the production of clays, Fe oxides, hematite and goethite which are precipitated local to 
fractures. The lower portion of the interval shows highly oxidised blue quartz-gahnite lode, containing patchy coarse 
grained galena- mineralisation with disseminated (mm scale) gahnite showing alteration (sericite) rims and patchy 
concentrations of fine grained garnet. Evidence of sulphide hydrolysis and mobilisation is noted via the extensive presence 
of pitting and vugh structures with oxidation minerals (jarosite, anglesite, cerussite and possible smithsonite present in 
fractures). 
13.70 – 16.60 BRK, SHR 1.5 LEE, VUG - - F PE 85 PEG 15 - - 4.0 
16.60 – 17.10 BRK, SHR 1.5 LEE, VUG - - F PE 100 - - - - 4.0 
17.10 – 17.60 BRK 1.5 LEE, PIT DIS INT F LU 85 MIN 15 - - 4.0 
17.60 – 18.40 BRK 1.5 LEE, PIT DIS INT F LU 90 MIN 10 - - 4.0 
18.40 – 18.90 BRK, R 1.0 LEE DIS - F GQ 92 PEG 8 - - 2.0 Retrogressed garnet quartzite inter-layered with silicified pegmatite (milky white quartz overprint of pegmatite) with patchy 
disseminated mineralisation (impregnation) associated with the silicification of pegmatites. Additional sericitised feldspars 
are predominantly apparent with oxidation noted to exist along grain and fracture planes intensifying at several zones. The 
intensity of weathering is relatively lower than both the overlying and underlying stratigraphy which may be attributed to an 
absence in influential structures (i.e. shear planes) and possibly resistant minerals such as garnet and quartz facies (highly 
abundant in each facie). 
18.90 – 19.50 BRK, R 1.0 LEE DIS - F GQ 92 PEG 8 - - 2.0 
19.50 – 20.50 BRK, R 1.0 LEE DIS - F GQ 90 PEG 10 - - 2.0 
20.50 – 21.50  BRK, R 1.0 LEE DIS - F GQ 90 PEG 10 - - 2.0 
21.50 – 24.90 BRK 2.0 LEE, VUG - - F PEG 100 - - - - 4.0 
Extensively oxidised plumbian orthoclase pegmatite (21.5-23.4m) incorporating highly deformed pelites, with weathering 
(Fe/Mn oxides in fracture and foliation planes) intensifying at areas local to shears ranging from 3-40cm. These regions  
              are extensively enriched in clays, carbonates and Fe-oxides. With the sequences exhibiting pegmatite overprints of patchy 
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disseminated 1-5mm scale gahnite and coarse grained pophyroblastic garnet alteration, with common clots of biotite (± 
fine grained galena alteration in pegmatite). 
24.90 – 41.00 BRK, SHR 2.0 
LEE, VUG, 
PEG 
- - F PS 70 PM 20 PEG 10 3.5 
Inter-layered psammite and pelite layers showing moderately strong fabric (most severe broken zone), with minor 
leucocratic plumbian orthoclase pegmatitic segregations throughout the sequence.  Note: fractures are the focus of intense 
oxidation (Fe/Mn/Hm/Ja) 
41.00 – 43.30 BRK, SHR 2.0 
LEE, VUG, 
PEG 
- - F PEG 100 - - - - 4.0 
Siliceous sericitised plumbian orthoclase pegmatite containing patchy galena alteration with 2 zones of jointing tending to 
retrogressed shear zones which have resulted in intensive weathering evident via minor carbonates, pitting structures and 
Fe oxides. (GENERAL LIMIT OF OXIDATION 43.30 m) 
43.30 – 45.10 BRK 2.0 LEE, VUG - - F PM 100 - - - - 3.0 
Garnetiferous psammopelite and sericitised leucocratic pegmatitic segregations. With jointing relative to moderate strength 
foliation, noted to have caused preferential oxidation minerals along these planes. 
45.10 – 48.20 BRK 1.0 LEE, PIT DIS INT F LU 100 - - - - 2.5 
High grade mineralised blue quartz lode containing extensive sulphides which are enriched in disseminated fine grained 
garnet throughout the structure and contain fewer fractures and minor sericitisation. This area contains relatively 
fresh/clean sulphides (minor pitting and associated oxidation minerals) which notably represent a transitional contact within 
the redox barrier via the preservation of massive and disseminated sulphides. 
48.20 – 48.80 BRK 1.0 LEE, PIT DIS INT F LU 100 - - - - 2.5 
Plumbian orthoclase pegmatite (partially sericitised) with highly altered fine grained galena minor chalcopyrite and rarely 
scattered garnet porphs with minor occurrences of biotite aggregates. The occurrence of fractures are noted as being the 
site for extensive precipitation of Fe/Mn oxides. 
48.80 – 49.50 BRK 1.0 LEE, PIT DIS INT F LU 100 - - - - 2.5 Highly oxidised retrogressed pelitic beds with interbedded pegmatite, tending sheared with the sequence containing an 
abundance of altered clays relative to soft (friable) and broken facies (±extensive iron oxide staining). This is evidently the 
result of shears acting as an intense fluid conduit resulting in both the oxidation and hydrolysis of feldspars and micas 
(breaking them down the partial clays etc.) 
49.50 – 50.20 SHR, R 1.5 LEE - - F PEG 100 - -  - 3.0 
50.20 – 50.90 BRK, R 1.5 LEE - - F PE 100 - - - - 3.0 
50.90 – 53.50 BRK 1.5 LEE - - F PE 100 - - - - 2.5 Blue quartz-garnet-gahnite lode, containing stringer mineralisation (evidence of remobilisation) with disseminated biotite, 
fine grained garnet and gahnite throughout the facies. Additional infrequent plumbian orthoclase pegmatitic segregations 
and minor developments of garnet quartzite at the start of the interval have also been noted. With sulphides ranging from 
disseminated to massive, with weathering structures present however not so intense (including minor pitting and vugh 
structures but only on a minor scale). 
53.50 – 54.60 BRK 2.0 LEE, PIT DIS INT M LU 90 PM 10 - - 2.0 
54.60 – 55.20 BRK 1.5 LEE, PIT MAS DIS M LU 90 PM 10 - - 2.0 
55.20 – 56.20 BRK 1.5 LEE, PIT DIS INT M LU 90 PM 10 - - 2.0 
56.20 – 66.00 BRK 2.0 SPT DIS INT M SPM 90 LU 10 - - 2.0 Spotted psammopelite, with abundant coarse grained garnet porphyroblasts with patchy mineralisation associated with 
blue quartz silicification and gahnite. There are also infrequent plumbian orthoclase pegmatitic segregations with minor 
fractures. Strong foliation tending slightly sheared with an increase in sericite at the end of the interval. There is evidently 
little to no evidence of weathering within the core, with only minor Fe oxides in fractures which contain local jarosite and 
pitting structures along galena/sphalerite zones. However after 68.9m (preservation of pyrrhotite) there is no evidence of 
intensive oxidation, whilst Fe/Mn oxides etc. may occur at lower depths this is partially due to local shears enhancing fluid 
ingression and are therefore does not representative of the overall trend of the weathering profile (however it does effect 
the local area). (GENERAL LIMIT OF WEATHERING 94.90 m) 
66.00 – 66.50 BRK 2.0 SPT, PEG DIS INT M SPM 88 PEG 7 LU 5 1.5 
66.50 – 68.90 BRK 2.0 SPT DIS INT M SPM 94 LU 6 - - 1.5 
68.90 – 94.90 BRK 2.0 SPT, PEG DIS INT M SPM 91 PEG 6 LU 3 1.5 
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Comments 
0.00 – 4.50 BRK 1.5 LEE - - M PG 100 - - - - 1.5 
Potosi gneiss (relatively low Fe/Mn oxidation than would be expected for the upper leached capping) with the first 4.5m 
being highly incompetent leading to minor Fe/Mn oxidation and partial clay formation from aluminosilicates. 
4.50 – 8.60 BRK 1.5 LEE - - M PG 100 - - - - 1.5 
Potosi gneiss becoming more competent resulting in lower oxidation of facies. However additional fractures throughout 
the interval do display some/minor Fe/Mn oxidation. 
8.60 – 11.60 BRK 2.0 LEE - - M PEG 100 - - - - 2.0 
Cross-cutting pegmatites are highly weathered than the overlying 8.6m with a higher rate of fractures resulting in Fe/Mn 
oxides becoming more abundant in main fracture pathways. 
11.60 – 36.00  BRK 2.5 LEE - - M PG 91 PEG 9 - - 2.0 
Composite potosi gneiss facies showing additional alteration along joints to 24.0m, with abundant quartzo-feldspathic 
segregations throughout the interval (containing diffuse boundaries and wispy biotite tending to coarse grained biotite). 
(GENERAL LIMIT OF OXIDATION 26.80 m) 
36.00 – 40.80 BRK 2.5 FOL - - C PG 98 PEG 2  - 2.0 
Potosi gneiss containing equigranular quartz and feldspar with rounded garnet (+/- biotite retrogressed rims), weathering 
including oxidation is negligible due to the resistant capping and lack of shear zones, interlocking joint planes and 
fracture complexes (end of oxidation) 
40.80 -  50.30 BRK 2.5 FOL - - C PG 87 PEG 13 -  2.0 
Composite potosi gneiss with pegmatite between 42.0-43.50m (crenulated?) with fractures increasing from 42.3m. 
However oxidation and weathering of biotite (aluminosilicates) to clays is negligible 
50.30 – 53.70 BRK 2.5 FOL - - F PEG 100 - - - - 2.5 
Strongly fractured pegmatite (motley appearance) with joints showing evidence of Fe/Mn oxidation indicating extensive 
fluid ingression and minor oxidation via interlocking joints and fractures with the surface. 
53.70 – 58.20 BRK, R 2.5 FOL - - M PE 100 - - - - 2.5 
Retrogressed pelite schist (sericite, biotite, quartz, garnet) with fine garnet tending to coarse grained (foliation defined by 
biotite and sericite). Minimal oxidation and leaching noted due to relatively resistant minerals. 
58.20 – 65.60 BRK, R 2.5 FOL - - C PE 100 - - - - 2.0 
Retrogressed pelite (disoriented augen garnets noted) dominated by sericite alteration and fine grained biotite. 
Weathering is minimal even with a highly fractured interval (minor partial breakdown of aluminosilicates to clays noted). 
65.60 – 67.60 BRK, R 2.0 FOL - - F PM 100 - - - - 2.5 
Retrogressed psammopelite (quartz, sericite, feldspar and staurolite etc. noted) tending to retrogressed psammite units 
with minor staurolite along joint planes. (Minimal weathering noted) 
67.60 – 70.80 BRK, R 2.5 FOL - - F SCH 100 - -  - 3.0 
Retrogressed schist (minor pug clays) in which unit is highly broken and fractured (highly contorted between 70.6-70.8m 
against contact) break down of aluminosilicates to clays is quiet prominent (whilst oxidation is negligible). 
70.80 – 71.10 BRK 1.5 BAN DIS INT F SS 100 - - - - 1.5 Garnet sandstone with banding defined by quartz bands, with little to no oxidation, leaching or weathering noted in facie. 
71.10 – 71.90 BRK 1.5 LEE, PIT MAS DIS F MIN 75 L 25 - - 1.5 
High grade ore breccias cemented by sphalerite, showing interbeds of psammite and  fine grained garnet, evidence of 
small vughs noted at 71.5m (leaching and pitting structures) notably from the mobilisation of sulphides. 
7 1.90 – 74.90 BRK 1.5 LEE DIS INT - LU 100 - - - - 1.5 
Blue quartz lode (medium grained) showing minor bustamite, hedenbergite, garnet, sphalerite and galena ore, with 
evidence of secondary minerals (borenite) forming local to source however this is not a highly occurring event. 
74.90 – 75.90 BRK 2.0 - - - F PM 100 - - - - 1.0 Psammopelite/psammite units with cross-cutting pegmatite’s (impregnated with fresh galena) showing moderate 
weathering due to the high intensity of fractures which have resulted in minor Fe/Mn oxidation and partial clay 
development. However the intensity of weathering ultimately diminishes after 74.90m with the bulk of oxidation being 
much shallower (~26.8m).(GENERAL LIMIT OF WEATHERING 81.40 m) 
75.90 – 76.10  BRK 2.0 PEG - - F PEG 100 - - - - 1.0 
76.10 – 81.40 BRK 2.0 - - - F PM 100 - - - - 0.5 
 
END OF SECTION 
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DDH ID: Z2812 Section: 18 Date Logged: N/A 
Pages: 1 of 1 Easting: 8.30 Northing: - 71.70 Site: Perilya Limited Southern Operations, Broken Hill NSW 
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Comments 
DDH NOT LOCATED 
 
DDH ID: 6135 Section: 18 Date Logged: N/A 
Pages: 1 of 1 Easting: - 16.60 Northing: - 72.40 Site: Perilya Limited Southern Operations, Broken Hill NSW 
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Comments 
DDH NOT LOCATED 
 
 
DDH ID: 6635 Section: 18 Date Logged: 01/06/2014 
Pages: 1 of 2 Easting: - 54.00 Northing: - 85.00  Site: Perilya Limited Southern Operations, Broken Hill NSW 
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Comments 
2.80 – 4.10 BRK 1.5 
LEE, VUG, 
PEG 
- - M PM 90 PEG 10 - - 3.0 
Highly oxidised psammopelite with lesser gahnite bearing quartz lode (oxidised feldspar, quartz, biotite and fine grained 
garnet) showing atypical traits of a leached capping with extensive Fe/Mn oxides throughout fractures. 
4.10 – 10.70 BRK 2.0 
LEE, VUG, 
PEG 
- - M PM 75 PS 15 PEG 10 2.5 
Banded psammite and psammopelite layers with cross-cutting gahnite rich pegmatite’s (showing evidence of prograde 
schistosity), with continued oxidation within poorly competent facies (broken) resulting in Fe/Mn oxidation throughout 
interlocking fracture planes. 
10.70 – 13.60 BRK 2.0 LEE, PEG - - M PM 88 PEG 12 - - 2.5 
Moderately oxidised psammopelite displaying banding and prograde schistosity with foliation, tending to interbedded 
psammite (sericite noted) and cross-cutting pegmatite facies (prograde schistosity with foliation). Evidence of Fe/Mn oxides 
along grain and fracture planes. 
13.30 – 19.00 
BRK, 
SHR, R 
2.5 
LEE, VUG, 
PEG 
- - M PM 51 PS 40 PEG 9 3.0 
Upper portion of the interval represents quartz lode/retrogressed pegmatite (rimmed by kaolinite) tending to banded 
retrogressed psammopelite (+ narrow pelitic bands) with a strong prograde schistosity with foliation. With the lower portion  
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tending to quartz lode (± gahnite and minor pyrrhotite), pegmatite and retrogressed psammopelite units. Weathering is 
extensive with Fe/Mn oxides dispersed through fractures, shears (19.0m), breaks and grain boundaries (vuggy texture 
noted). 
19.00 – 29.50 
BRK, 
SHR, R 
2.5 LEE, PEG - - M PS 52 PM 40 PEG 8 3.0 
Upper portion of the interval represents quartz lode (rimmed by kaolinite) (extensively weathered) tending to retrogressed 
psammopelite/psammite in the middle to lower portions. Weathering is local to fractures and is more extensive in the upper 
interval. 
29.50 – 39.80 BRK, R 2.5 LEE, PEG - - M PM 60 PS 35 PEG 5 2.0 
Retrogressed psammopelite/pelite and psammite bands showing evidence of prograde schistosity with foliation (evidence 
of kaolinite) and minor pegmatite segregations. Fe/Mn oxidation are noted to phase out at around 31.0m, however 
evidence of leaching is still present (i.e. pitting structures etc). (GENERAL LIMIT OF OXIDATION 31.0 m) 
39.80 – 41.50 BRK 2.5 
LEE, VUG, 
PEG 
DIS INT M L 81 PS 15 PEG 4 4.0 
Psammite tending to pelite (prograde schistosity with foliation), tending to psammite/blue quartz lode of which notably 
display evidence of gahnite (± pyrrhotite with garnet quartzite patches). Further evidence of pitting and vugh structures with 
Fe/Mn along high fracture planes noted. 
41.50 – 51.90 
BRK, 
SHR, R 
2.5 
LEE, VUG, 
PEG 
DIS INT M PM 73 PEG 27 - - 2.5 
Weekly retrogressed psammopelite (augen feldspar) with narrow (<10cm) quartz  bands tending to blue quartz lode at 
46.1-46.3m (containing pyrrhotite, sphalerite, chlorite and vuggy calcite) and retrogressed pegmatite, psammopelite and 
retrogressed (sheared) pelite (pug clays) at 49.5-50.1m. With the lower interval phasing into psammite and garnet quartzite 
(pyrrhotite and trace galena noted) sequences. Evidence of minor Fe/Mn oxidation is noted to be local to fractures and 
shear (including weathering of aluminosilicates to clays). 
51.90 – 52.50 BRK 2.0 LEE DIS MAS M MIN 55 LU 45 - - 1.0 Low grade mineralisation (sphalerite, galena, pyrrhotite) in blue quartz lode (± associated gangue minerals) with only minor 
pitting exhibited, tending to retrogressed pegmatite (remnant plumbian orthoclase) and patchy blue quartz lode with weak 
mineralisation (± pyrrhotite, sphalerite, chalcopyrite and galena). Little to no Fe/Mn oxidation noted, with pitting and vugh 
structures local to fracture planes only. 
52.50 – 54.10 BRK, R 2.0 LEE DIS MAS M PEG 55 MIN 25 LU 20 1.0 
54.10 – 54.60 BRK, R 2.0 LEE DIS MAS M MIN 75 PEG 10 LU 15 1.0 
Retrogressed pegmatite with blue quartz lode containing medium grade mineralisation including sphalerite and galena (± 
pyrrhotite/chalcopyrite), with evidence of minor pitting structures (no Fe/Mn oxidation evident). 
54.60 – 55.40 BRK, R 1.5 PEG INT - M PEG 75 LU 25 - - 1.0 Strongly retrogressed pegmatite facies containing minor blue quartz lode and patchy (weak) abundances of sphalerite, 
galena and chalcopyrite in a fine grained grey feldspar matrix (minor quartz feldspar intergrowths) with little to no 
weathering observed. 
55.40 – 59.20 BRK, R 1.5 PEG INT - M PEG 100 -  - - 1.0 
59.20 – 60.00 BRK 1.5 - DIS INT M LU 65 MIN 35 - - 1.0 
Low grade blue quartz lode with minor sphalerite and galena (±pyrrhotite and chalcopyrite mineralization). 
60.00 – 61.00 BRK 1.5 MAS DIS MAS M MIN 100 -  - - 0.5 
61.00 – 67.00 BRK 1.5 MAS DIS INT M L 100 - - - - 0.3 
Low grade blue quartz lode containing sphalerite, galena (±chalcopyrite and pyrrhotite) and abundant coarse grained 
garnets. Weathering is noted to be completely absent (fresh ore) with no oxidation, pitting or leaching exhibited in each of 
the facies. (GENERAL LIMIT OF WEATHERING 67.0) 
 
END OF SECTION 
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DDH ID: 6159 Section: 20 Date Logged: 01/06/2014 
Pages: 1 of 2 Easting: 23.20 Northing: - 101.10 Site: Perilya Limited Southern Operations, Broken Hill NSW 
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Comments 
0.00 – 2.70 BRK 1.5 LEE, PEG - - M PG 85 PEG 15 - - 3.0 Potosi gneiss (ragged porphyroblasts with biotite rims) with thin quartzo-feldspathic segregations and cordierite, with 
cross-cutting pegmatite’s (disrupted) noted as containing extensive Fe oxides local to minor shears and along 
preferential joints/fractures. Further down in the interval facie becomes more competent leading to a decline in oxidation 
and weathering. 
2.70 – 18.40 SHR, BRK 2.0 LEE, PEG - - M PG 80 PEG 20 - - 3.0 
1840 – 18.70 BRK 2.0 LEE - - M PS 100 - - - - 2.0 
Weathered psammite tending to psammopelite, only minor weathering (i.e. Fe/Mn oxidation) due to the competency of 
the overlying structure. 
18.70 – 19.10 BRK 2.0 LEE - - F PEG 100 - - - - 2.0 Pegmatite in the upper interval (18.70-19.10m) tending to a highly weathered biotite-rich psammite units (poorly 
developed biotite rims) which notably represent a relatively competent facie with low breaks per meter. However Fe-Mn 
staining along fracture planes and along grain boundaries is still noted.  
19.10 – 24.50 BRK 2.0 LEE, PEG - - M PG 95 PEG 5 - - 1.5 
24.50 – 28.00 BRK 2.0 LEE, PEG - - M PG 85 PEG 15 - - 1.5 Upper interval representative of weathered potosi gneiss (ragged garnet and biotite rims), with thin quartzo-feldspathic 
segregations common tending to weathered psammite layers (biotite rich) which notably contain thin quartzo-feldspathic 
segregations. Large cordierite is noted to occur in patches within the lower interval, however due to the competency of 
the overlying stratigraphy weathering has been minimised. 
28.00 – 31.20 BRK 2.0 LEE, PEG - - M PS 82 PEG 18 - - 1.5 
31.20 – 45.30 BRK 2.0 LEE, PEG - - C PM 72 PEG 28 - - 1.5 
Psammopelite (augen feldspar) is highly competent, containing thin garnetiferous pegmatite (+ cordierite)/quartzo-
feldspathic segregations. This region is limited in relation to weathering (minimal 1-2) partially due to limited interlocking 
fractures (where fractures are present minor oxidation is present) and also a thick capping of resistant minerals. 
(GENERAL LIMIT OF OXIDATION 31.0 m) 
45.30 – 66.10 
BRK, 
SHR, R 
2.0 LEE, PEG - - C PE 91 PEG 9 - - 2.0 
Psammopelite tending to retrogressed pelite (containing ragged coarse grained <10mm porphyroblasts with sericite after 
sillimanite exhibiting characteristic sheen and feldspar augen) which are cross-cut by pegmatite suites at variable 
depths. Evidently the upper interval looks devoid of oxidation and hydrolysis due to the competency of the overlying 
capping and limited interlocking fractures. However in the lower portion evidence of shearing has resulted in oxidation at 
lower depths shown as pale brown limonite (indicates groundwater permeation along a zone of weakness) (highly 
weathered between 45.4-47.3m). (GENERAL LIMIT OF WEATHERING 48.0 m) 
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DDH ID: 6170 Section: 20 Date Logged: 01/06/2014 
Pages: 1 of 3 Easting: - 9.10 Northing: - 111.70 Site: Perilya Limited Southern Operations, Broken Hill NSW 
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Comments 
0.00 – 3.90 BRK 2.0 LEE - - M PG 100 - - - - 2.5 
Potosi gneiss containing minor biotite rims (crude foliation) and extensive Fe/Mn oxidation, with iron rich clays observed 
in the upper 10cm. Weathering is relatively less extensive due to unreactive minerals (hence low weather intensity 
rating). 
3.90 – 17.50 BRK, R 2.0 LEE - - C PM 75 PS 25 - - 2.0 
Retrogressed psammopelite (augen garnet) which is heavily ferruginised (weathered) sediments displaying extensive 
Fe/Mn oxidation along breaks and fracture planes, interbedded with weathered/retrogressed psammite beds becoming 
more siliceous at depth (sericite present). 
17.5 – 20.50 BRK 0.0 - VN FR - SV 75 MIN 25 - - 1.0 
White quartz vein within an interval of intense breakage containing minor Fe/Mn oxide staining, at 20.2m it appears 
coarse grained galena has been remobilized (intense fluid ingression). 
               
20.50 – 25.70 BRK 0.0 
LEE, BOX, 
VUG 
FR - - GOS 100 - - - - 4.5 
Siliceous gossan containing boxwork weathering and displaying a wide array of secondary minerals including Mn 
staining, minor malachite and pyromorphite (core loss). This unit is highly ferruginised and mostly incompetent (broken 
and fractured due to extensive weathering). 
25.70 – 26.20 BRK 1.5 LEE, PIT - - F SS 100 - - - - 3.0 
Heavily Fe/Mn oxidised garnet sandstone containing minor traces of malachite, sphalerite and galena indicating the 
precipitation of minor secondary minerals proximal to source. Weathering is still quiet substantial due to limited 
overburden and acidic conditions. 
26.20 – 34.50 
BRK, 
SHR, R 
1.5 LEE, PEG - - F PM 45 PS 40 PEG 15 2.5 
Retrogressed/weathered psammopelite tending psammite (±minor sericite) with cross-cutting pegmatite at 31.8-32.2m   
(surrounding lithology contains extensive Fe/Mn oxidation in fracture and joint planes).  
 
34.50 – 40.80 BRK, R 1.5 LEE, PEG - - F PE 55 PEG 45 - - 1.5 
Retrogressed pelite/pegmatite (interbedded with quartzo-feldspathic segregations), gahnite is fairly abundant along with 
pyrrhotite and minor galena/sphalerite (Fe oxidation along fracture planes is attributed to the facies high breaks per 
meter (40+)). 
40.80 – 45.10 
BRK, 
SHR, R 
1.5 LEE - - F PE 60 PS 40 - - 1.5 
Retrogressed pelite (augen feldspars) tending garnetiferous psammite (moderately enriched in biotite) with gahnite and 
small amounts of cummingtonite (± sericite). Additionally Fe oxidation noted in fractures. 
45.10 – 48.00 BRK 1.5 LEE, VUG FR DIS F PS 75 LU 25 - - 2.5 
Upper portion is abundant in blue-quartz lode/gahnite tending to psammite with minor pyrrhotite (crude banding) and low 
abundances of cummingtonite (± sphalerite). Evidence of remobilisation exhibited via traces of pitting and vuggy 
structures local to fracture planes. 
48.00 – 48.60 BRK 1.0 LEE, PIT FR DIS - LU 100 - - - - 2.5 
Blue-quartz lode (gahnite with minor cummingtonite) containing disseminated pyrrhotite, chalcopyrite and small zones of 
galena/sphalerite disseminations. Oxidation is relatively limited within facie possibly due to resistant lode rocks. 
(GENERAL LIMIT OF OXIDATION 48.60 m) 
48.60 – 49.70  BRK, R 1.5 LEE, PIT DIS INT F PE 65 PEG 35 - - 2.5 
Retrogressed pelite (traces of augen feldspar and plumbian orthoclase) cross-cut by pegmatite (quartzo-feldspathic 
segregations) containing very fine grained galena (impregnated) which is less competent (increased breaks per meter). 
49.70 – 50.30 BRK 1.5 LEE, PIT FR DIS F PS 60 LU 40 - - 2.0 
Garnet and biotite rich psammite with blue-quartz lode tending low grade, consisting of minor gahnite, galena, sphalerite 
and chalcopyrite mineralization. Further observations indicate fractures show extensive evidence of chalcopyrite to 
malachite/chalcocite mineralisation. 
50.30 – 51.90 BRK, R 1.5 LEE FR DIS F PM 100 - - - - 2.5 
Retrogressed psammopelite (biotite and garnetiferous) tending to lode rocks at 51.1 - 51.9m (partially weathered) (very 
dark friable facie) containing gahnite, cummingtonite and minor hedenbergite with pyrrhotite (highly abundant) and  
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              galena (remobilised into fractures within the defined siliceous zone). 
51.90 – 53.50 BRK 1.0 LEE FR DIS F PEG 40 GQ 40 L 20 1.5 
Upper interval (51.9-52.7m) consists of pegmatitic lode rocks tending to garnet quartzite which is relatively rich in biotite, 
and shows evidence of remobilised galena, minor chalcopyrite and pyrrhotite further down hole. 
53.50 – 61.10 BRK 2.0 LEE FR DIS F PS 65 GQ 25 LU 10 1.0 
Psammite tending to garnet quartzite (biotite rich) and blue-quartz lode (displaying remobilised galena and disseminated 
pyrrhotite), overlying retrogressed pelite (sericite rich) facies. 
61.10 – 61.80 BRK 2.0 LEE FR DIS F GQ 35 PS 35 PEG 30 1.0 
Garnet quartzite (biotite rich) tending to lode-bearing psammite units (containing pyrrhotite, minor remobilised sphalerite, 
chalcopyrite and gahnite), tending to pegmatite in the lower portions (61.5-61.8m) with remobilised sphalerite and minor 
chalcopyrite present. 
61.80 – 67.00 BRK, R 2.0 LEE FR - F PM 100 - - - - 1.0 
Retrogressed pelite/psammopelite (augen feldspar and sericite laths) containing minor disseminated pyrrhotite and 
possible chlorite (black coating) in fractures. Limited oxidation at this surface indicating limit of oxidation is further up. 
67.00 – 69.40  BRK 2.0 LEE DIS INT F PE 65 PEG 25 LU 10 0.5 
Retrogressed pelite/pegmatite (interbedded with plumbian orthoclase and quartzo-feldspathic segregations <10cm) 
tending to blue-quartz lode in the lower portions (68.7-69.4m), containing fine grained gahnite and abundant 
disseminated pyrrhotite. 
69.40 – 74.00 BRK, R 2.0 LEE - - F PE 92 PEG 8 - - 0.5 
Retrogressed pelite/pegmatite (garnetiferous and feldspar augen) with fractures containing 1mm calcite deposits and 
minor to moderately abundant Fe oxide staining (± minor pyrrhotite). 
74.00 – 74.30 BAN 2.0 LEE FR DIS F L 100 - - - - 0.5 Banded lode horizon consisting of fine grained gahnite, disseminated pyrrhotite and pale garnet sandstone (Fe- 
              enriched), with 3cm bands of sphalerite and minor pyrrhotite/chalcopyrite noted at the end of the interval. 
74.30 – 82.50 BRK, R 2.0 LEE - - F PS 96 GQ 4 - - 1.0 
Retrogressed pelite/psammite with occasional pegmatite (feldspar augen and sericite), ground is highly broken and has 
possibly influenced the high oxidation and weathering of the underlying interval. 
82.50 – 83.30 BRK, FLT 2.0 LEE - - F PS 100 - - - - 2.0 
Heavily oxidised and broken interval consisting of intense Mn staining and ferruginous material. Possible fault complex 
or interlocking fractures which has resulted in a higher degree of fluid ingression than the overlying intervals. 
83.30 – 85.30 BRK 2.0 LEE DIS INT F L 100 - - - - 0.5 
Lode tending to low grade ore containing abundant fibrous hedenbergite, cummingtonite and finely disseminated 
gahnite, with most mineralisation being disseminated. Additional evidence of galena remobilisation (5cm zone) and 
several minor chalcopyrite/sphalerite zones have also been noted. Further Fe oxidation noted to continue in fractures 
from the above structure, with the maximum extent of oxidation noted to be roughly around this area in relation to the 
overall general trend of adjacent DDH's. (GENERAL LIMIT OF WEATHERING 85.3m) 
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DDH ID: 7099 Section: 20 Date Logged: 01/06/2014 
Pages: 1 of 2 Easting: - 58.10 Northing: - 121.10 Site: Perilya Limited Southern Operations, Broken Hill NSW 
D
e
p
th
 
In
te
rval 
Stru
ctu
re
 
O
ve
rp
rin
t 
Fo
lia
tio
n
 
in
te
n
sity
 
R
o
ck Te
xtu
re
 
O
re
 Te
xtu
re
 1
 
O
re
 Te
xtu
re
 2
 
G
arn
e
t Size
 
Lith
o
lo
gy 1
 
Lith
o
lo
gy 1
 
(%
) 
Lith
o
lo
gy 2
 
Lith
o
lo
gy 2
 
(%
) 
Lith
o
lo
gy 3
 
Lith
o
lo
gy 3
 
(%
) 
W
e
ath
e
rin
g 
In
te
n
sity
 
Comments 
0.00 – 8.60 BRK 1.0 LEE, VUG - - M PE 50 PS 40 PEG 10 3.0 
Strongly oxidized/weathered pelite (3-10cm), psammite and numerous pod/bands of pegmatite. This is consistent with 
the breakdown of aluminosilicates (vuggy texture?) and Mn/Fe oxides local to fractures (atypical of leached capping 
(gossanous)). 
8.60 – 36.30 BRK, SHR 1.0 LEE, VUG - - M PE 52 PS 40 PEG 8 2.5 
Pelite (small augen feldspar) and thinly bedded (3-10cm) psammite units, with a number of pods/banded pegmatite’s (± 
pinitised cordierite). Weathering is still extensive with the intensity of Fe/Mn oxidation (goethite and hematite) local to 
shear and interlocking fractures (i.e. shears from 25.3-26.1m). 
36.30 – 44.30 BRK, SHR 1.5 LEE, VUG - - F PE 95 PEG 5 - - 2.0 
Pelite (small augen feldspar) and minor pegmatite facies are highly fractured and sheared resulting in higher Fe/Mn 
(hematite/goethite) oxidation in the upper interval. Oxidation drastically declines from 42.7-46.7m due to a decline in 
structures and possible redox barrier. 
44.30 – 49.70 BRK 2.0 LEE, VUG - - F PE 60 PS 37 PEG 3 2.0 
Pelite (coarse to fine grained feldspar) with thinly bedded (3-10cm) psammitic and pegmatite layers. At 47.3m tightly 
verging folds with axial planar sillimanite noted. Highly fractured (possible fault?) and related Fe/Mn oxidation observed 
(additional weathering of sericite and alteration to clays noted). 
49.70 – 51.10 BRK 2.0 LEE - - F PM 55 GQ 45 - - 2.0 
Highly fractured/chloritised garnet-rich psammopelite and garnet quartzite with evidence of chloritic clays (50.6-50.8m), 
fracturing noted as being sub-parallel to banding (possible base of intense weathering). (GENERAL LIMIT OF 
OXIDATION (51.10 m) 
51.10 – 51.70  BRK, SHR 2.0 LEE - - F GQ 100 - - - - 2.0 
Garnet quartzite showing minor shearing (sericite alteration?) relative to increased Fe/Mn oxidation (goethite noted) as a 
result of interlocking fractures and intersecting shear planes. 
51.70 – 52.60 BRK, R 2.0 LEE - - F PE 100 - - - - 1.5 
Strongly retrogressed pelite (sericite foliation) of which at 51.9m minor grey clays (pug clays) indicate the possibility of 
faulting and/or intense weathering of aluminosilicates to clays. 
52.60 – 54.20 BRK, R 1.5 LEE - - F PM 80 PEG 20 - - 1.0 
Retrogressed psammopelite becoming weakly retrogressed at depth with strongly retrogressed pegmatite from 53.6-
53.7m. Evidence of Fe oxidation noted in fractures from 51.1-73.3m (suggestive of weak weathering). 
54.20 – 54.80 BRK 1.5 - MAS DIS  LU 85 PEG 25 - - 1.0 Finely fractured blue quartz lode (gahnite and plumbian orthoclase) with disseminated mineralisation and patchy  
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bands of medium grained sphalerite and pyrrhotite. Whilst sulphides are relatively fresh, Fe oxidation is noted in 
fractures but to a low extent. 
54.80 – 58.80 BRK 1.5 MAS BLB - F MIN 100 - - - - 1.5 High grade zone representative of highly fractured blue quartz lode and minor pegmatite facies (fine grain gahnite and 
plumbian orthoclase) containing finely disseminated/dispersed (medium to coarse grained sphalerite, chalcopyrite and 
galena) mineralisation which looks relatively fresh (no mobilisation, oxidation or leaching) suggesting a shallow 
weathering zone (redox barrier) possibly due to the limitation of interlocking and intersecting fractures, joints and shears.  
(GENERAL LIMIT OF WEATHERING 61.40 m) 
58.80 – 59.50 BRK 1.5 - DIS INT F LU 94 PEG 6 - - 0.5 
59.50 – 61.40 BRK 1.5 - DIS INT F MIN 93 PEG 7 - - 0.5 
 
END OF SECTION 
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DDH ID: 6677 Section: 22 Date Logged: 01/06/2014 
Pages: 1 of 1 Easting: 45.50 Northing: - 132.60 Site: Perilya Limited Southern Operations, Broken Hill NSW 
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Comments 
0.00 – 5.00 - - - - - - - - - - - - - No Core 
5.00 – 8.90 BRK 2.0 LEE - - M PG 65 PEG 35 - - 1.5 
Partially broken/fractured potosi gneiss (relatively highly competent for upper leached capping) consisting of only minor 
vugh/pitting structures (negligible) and minor Fe oxidation along grain and fracture planes. 
8.90 – 12.20  BRK 2.0 LEE - - M PG 75 PEG 25 - - 1.5 Potosi gneiss tending psammopelite which is disrupted via multiple pegmatite bands. Unit is becoming more competent 
and hence oxidation is scarce, with little to no breakdown of aluminosilicates. (GENERAL LIMIT OF OXIDATION & 
WEATHERING 9.10 m) 
12.20 – 18.30 BRK 2.0 LEE - - M PG 55 PEG 445 - - 1.5 
18.30 – 24.90 BRK 2.0 LEE - - M PEG 100 - - - - 1.5 
Upper portion is representative of a pegmatite facie, tending to multiple bands of potosi gneiss and psammopelite 
(spotted). Weathering is inhibited due to the structure being relatively competent and displaying little or no shear/fault 
planes and interlocking joints. Therefore oxidation and hydrolysis of aluminosilicates is negligible (resulting in a relatively 
fresh stratum). 
24.90 – 38.70 BRK 2.0 LEE, SPT - - M PG 45 PM 30 PEG 25 1.5 
72.30 – 83.70 - 2.0 PEG - - C PM 85 PEG 15 - - 0.3 
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Comments 
0.00 – 6.80 BRK, R 1.0 LEE, VUG - - M PE 100 - - - - 3.0 Retrogressed sericitic pelite which is highly oxidised and local to extensive fractures and minor shear zones (<5cm) with 
aluminosilicates breaking down to minor clays (representative of vuggy/gouge structures). 6.80 – 11.90 BRK, R 1.0 LEE, VUG - - M PE 100 - - - - 3.0 
11.90 – 12.60 BRK 1.0 LEE, PIT DIS INT F L 100 - - - - 3.5 Quartz lode (with minor biotite) and partial pegmatite (minor mineralisation) tending to garnet quartzite in the lower 
interval which are strongly oxidised and leached (evident via Fe/Mn oxidation along fracture planes and also minor 
pitting/void structures, suggestive of sulphide mobilisation and hydrolysis). 
12.60 – 12.90 BRK 1.0 LEE, PIT DIS - F SS 100 - - - - 3.0 
12.90 – 15.80 BRK, R 1.0 LEE, VUG - - F PM 75 PS 25 - - 2.5 Retrogressed psammopelite with psammite and minor pegmatite bands, tending to quartz lode with minor bands of 
biotite-rich psammopelite (+ minor pyromorphite). Evidence of extensive Mn oxidation through fractures and grain 
boundaries with minor voids and pitting indicating sulphide mobilisation and hydrolysis. 
15.80 – 17.20 BRK 1.0 LEE, PIT DIS INT F L 100 - - - - 2.5 
17.20 – 19.30 BRK 1.0 LEE, PIT MAS DIS F L 100 - - - - 4.5 Brown soft oxidised lode with minor biotite bands (highly oxidised with evidence of pitting and gouge structures) 
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19.30 – 21.00 BRK, R 1.0 
LEE, VUG, 
PIT 
DIS INT F PEG 100 - - - - 2.5 
(±anglesite/smithsonite). The lower portion of the interval is representative of a broken and oxidised retrogressed 
pegmatite with quartzose lode tending, with few oxidised pyrrhotite bands (pitting and void structures noted) 
21.00 – 23.90 BRK, R 1.0 LEE - - F PS 100   - - 3.0 Broken, oxidised and sericitic retrogressed psammopelite tending to lode quartz/pegmatite in the lower portion (± rare 
psammite bands) with disseminated bands of pyrrhotite (in fractures), oxidised galena and sphalerite. Oxidation 
extensively noted (Mn oxidation and voids/pitting) throughout fractures and local to sulphides indicating oxidation and 
hydrolysis of pyrrhotite and sphalerite. 
23.90 – 28.10 BRK 1.0 LEE, PIT DIS INT F L 95 MIN 5 - - 3.0 
28.10 – 30.80 BRK, R 1.5 LEE - - F PM 75 PEG 25 - - 2.5 Retrogressed sericitic psammopelite/pegmatite (with rarely thin pyrrhotite bands) tending to bleached/leached 
retrogressed pelite (augen feldspar) with few thin lode bands of pyrrhotite and gahnite (± minor pegmatite at the base of 
the interval), all of which are partly oxidised from fluid ingression along interlocking fractures. (GENERAL LIMIT OF 
OXIDATION 28.9 m) 
30.80 – 34.10 BRK, R 1.5 LEE - - F PE 97 PEG 3 - - 2.5 
34.10 – 38.50 BRK, R 1.5 LEE - - F PM 65 PS 35 - - 2.0 
Retrogressed/sericitic pelite (augen feldspar and coarse grained garnet) tending to psammite (partly lode-rich facies 
tending to pegmatite with gahnite and pyrrhotite noted in bands). Additional minor Fe oxidation is noted in fractures 
however vugh structures are ultimately absent. 
38.50 – 38.80 BRK 1.5 LEE - - F PS 100 - - - - 2.0 
38.80 – 40.00 BRK, R 1.5 LEE,VUG - - F PE 70 PS 28 PEG 2 1.0 
40.00 – 43.30 BRK, R 1.5 LEE, VUG - - F PS 98 PEG 2 - - 1.0 
43.30 – 48.00 BRK, R 1.5 LEE, VUG - - F PM 95 PEG 5 - - 1.0 
48.00 – 49.10 BRK 1.5 LEE, PIT DIS INT F LU 100 - - - - 1.5 Blue quartz lode (quartz, gahnite, and few biotite spots/bands) containing low grade mineralisation (10cm enriched at 
base of lithology) disseminated pyrrhotite, chalcopyrite and galena, tending to banded psammopelite (biotite-
rich)/pegmatite with small bands of coarse remobilised (low grade) galena and gahnite (+/- disseminated pyrrhotite). 
Weathering is relatively negligible as no or little oxidation/pitting has occurred. (GENERAL LIMIT OF WEATHERING 
51.40 m) 
49.10 – 50.00 BRK 1.5 LEE DIS INT F PM 80 PEG 20 - - 1.0 
50.00 – 51.40 BRK 15 LEE, PIT DIS INT F LU 100 - - - - 1.0 
51.40 – 53.50 BRK, R 2.0 - - - F PM 80 PS 20 - - 0.5 Retrogressed (finely interbedded) psammopelite/psammite (few sericitic feldspar units and abundant quartz, garnet and 
biotite) tending to near massive psammite (minor sericite) units, progressing to retrogressed psammopelite with 
quartzose bands (+/- rare thin lode bands to the base with pyrrhotite and galena noted). Weathering is minimal with only 
minor oxidation and leaching noted, with the bulk of sulphides relatively preserved. 
53.50 – 54.30 BRK 2.0 - - - F PS 100 - - - - 0.5 
54.30 – 55.30 BRK, R 2.0 - - - F PM 60 PS 40 - - 0.5 
55.30 – 57.00 BRK 2.0 PEG DIS INT F LU 95 PEG 5 - - 1.5 Blue quartz lode partly tending to psammite and psammopelite bands (evidence of disseminated pyrrhotite, gahnite and 
little sphalerite/galena), partly tending to pegmatite. With retrogressed pelite (minor sericitic augen feldspar +/- rare 
psammitic bands) (chloritic retrogressed) with minor quartzose psammopelitic layers (+/- minor pegmatite layers) 
transitioning in a high sheared/retrogressed pegmatite relative to adjacent highly broken facies. Increase in oxidation due 
to interlocking and intersecting fractures and shear planes which have notably enhanced minor weathering (only partly). 
57.00 – 63.90 BRK, R 2.0 PEG DIS INT F PE 96 PEG 4 - - 1.5 
63.90 – 64.90 BRK, SHR 2.0 PEG DIS INT F PEG 100 - - - - 1.5 
64.90 – 72.80 BRK, R 2.0 - - - F PE 55 PS 45 - - 0.5 Variable facies of thickly bedded garnet psammite/retrogressed psammopelite (partly pelite) layers with minor lode 
pegmatite and sericite, tending to a more quartzose (biotite-rich) psammopelite and finely interbedded psammite with 
thin pegmatite (<5cm) units at the base of the interval. The lower portion represents a blue quartz lode (quartz, garnet 
and gahnite) containing disseminated to massive thin bands of pyrrhotite and minor sphalerite. Negligible weathering 
and oxidation noted. 
72.80 – 77.00 BRK 2.0 PEG - - F PM 95 PEG 5 - - 0.5 
77.00 – 77.80 BRK 2.0 PIT DIS INT F LU 100 - - - - 1.5 
77.80 – 87.30 BRK, R 2.0 PEG - - F PE 45 PS 60 PEG 5 1.0 Fairly uniform broken retrogressed pelite (scatted sericitic feldspar augens) with rare bands of psammopelite (+ in upper 
portion minor Fe staining/oxidation in fractures, local to calcite has been noted), tending to lode-bearing psammitic units 
(garnet rich with scattered gahnite), displaying disseminated pyrrhotite, chalcopyrite and galena (with 10cm massive 
bands noted in the lower portions + pug clays at ~87.1m). Weathering and leaching is relatively negligible.  
87.30 – 88.00 BRK 2.0 PIT MAS DIS F MIN 100 - - - - 2.0 
88.00 – 89.40 BRK 2.0 PIT MAS DIS F MIN 100 - - - - 1.5 
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Comments 
0.00 – 21.80 BRK, SHR 2.5 LEE, DIS - - M SCH 65 PE 35 - - 3.0 
Pelitic schist (coarse grained augen garnet) and abundant sericite/ubiquitous biotite parallel to foliation (crenulated?), 
moderately to highly  weathered (aluminosilicate breakdown to kaolinitic clays) and Fe/Mn oxides along highly broken 
areas (i.e. 7.5-10.8m) with local minor shears (~5-10cm) intensifying weathering due to fluid ingression. 
21.80 – 22.05 BRK 2.0 LEE DIS INT F L 100 - - - - 3.0 
Oxidised disseminated boxworks (high Fe oxidation throughout 70% of the structure) banded quartz, garnet and biotite 
lode (gossanous), showing complete breakdown to clay-like material from 22.2-22.5m. 
22.05 – 23.10 BRK 2.0 LEE - - - PUG 90 PE 10 - - 3.5 Broken and highly oxidised/weathered biotite-rich pelite with fine garnet and medium grained muscovite (+/- fluorite 
segregations) which are weathered down to partial/complete pug clays. 
23.10 – 24.10 BRK 2.0 LEE, BOX - - F GOS 95 PM 5 - - 4.0 Oxidised puggy/sericitic/chloritic psammopelite (10cm gossan from 23.4m) showing intense weathering and oxidation 
(Fe/Mn oxidation and the breakdown of aluminosilicates to pug clays noted). 
24.10 – 25.50  BRK 2.0 LEE, PIT MAS DIS F MIN 100 - - - - 2.5 Oxidised lode quartz (quartz overprinted with garnet set in a high grade matrix) tending to a psammopelite in the lower 
interval, with evidence of moderate weathering, pitting (vughs) and secondary minerals noted  (suggesting acidic 
hydrolysis). The occurrence of Fe/Mn oxidation and remobiliastion is noted to be taking place relative to downward 
trending fluid ingression along interlocking permeable beds/pathways. 
25.50 – 26.10 BRK 2.0 LEE - - F PM 100 - - - - 2.5 
26.10 – 28.50 BRK - LEE, BOX - - - GOS 100 - - - - 5.0 Oxidised (broken) garnet/quartz lode (+ ubiquitous sericite) (goethite/hematite on fracture planes) tending to light/dark 
brown gossanous coronadite indicated by intense/complete oxidation and weathering of original (primary) sulphides. It 
can be assumed that the relatively low grade of the upper interval (resistant and non-reactive minerals) resulted in the 
minor preservation of the structures whilst an underlying high grade zone would have undergone immense acid 
hydrolysis and remobilisation. 
28.50 – 29.30 BRK - LEE, BOX - - - GOS 100 - - - - 5.0 
29.30 – 31.40 BRK - LEE, BOX - - - GOS 100 - - - - 5.0 
31.40 – 32.70 BRK 2.0 LEE, PIT DIS INT F LU 100 - - - - 3.5 Oxidised blue quartz lode (fine garnet, rare biotite and minor plumbian orthoclase) which notably shows evidence of 
partial weathering (to minor clayish material) with Fe oxidation occurring in fractures and along grain boundaries (+ minor 
malachite noted). This interval then tends to a poorly mineralised (sericite-rich) psammopelite, with blue quartz lode 
(moderately broken) showing evidence of minor pitting and oxidation along fracture planes (zones of weakness). (Note: 
weathering begins to decline (oxidation and hydrolysis etc.) from 32.2m as the structure becomes more competent). 
(GENERAL LIMIT OF OXIDATION 32.70 m) 
32.70 – 33.80 BRK 2.0 LEE, PIT DIS INT F PM 85 LU 15 - - 2.0 
33.80 – 37.30 BRK 2.0 LEE, BOX DIS INT F LU 100 - - - - 2.0 Blue quartz lode (+/- spotted biotite, few garnets and ubiquitous sericite) containing minor Fe/Mn oxidation and 
associated boxworks at 36.5m, indicating weathering/leaching/remobilisation of sulphides via hydrolysis. This then tends 
to quartz lode and more high grade blue quartz lode/ garnet ore in which pitting and vugh structures are local to sulphide 
enrichment areas. 
37.30 – 38.10 BRK 2.0 LEE MAS DIS F L 100 - - - - 3.5 
38.10 – 42.00 BRK 2.0 LEE MAS DIS F MIN 65 LU 35 - - 2.0 
42.00 – 42.60 BRK 2.0 LEE DIS INT F LU 55 SS 45 - - 1.5  Blue quartz lode with coarse garnet tending to silicified garnet sandstone, hedenbergite (minor loellingite present) and 
pegmatite in the lower portion of the interval. Evidence of minor pitting, Fe oxidation and secondary minerals has also 
been noted. 
42.60 – 43.40 BRK 2.0 LEE DIS INT M PEG 75 L 25 - - 1.5 
43.40 – 44.40 BRK 2.0 FR - - - PE 100 - - - - 2.5 Sericitic/chloritic pelite (+ biotite, fine garnet and quartz noted) with minor quartzo-feldspathic segregations (48.0m) 
tending to blue quartz psammitic layers, with minor high grade veins (start of 1 lens). Weathering is ultimately enhanced 
along local shears (<50cm or less) containing minor oxidation and partial clay development from the breakdown of 
sericite etc. 
 
 
44.40 – 47.60 BRK 2.0 PEG DIS INT - PM 65 GQ 25 LU 10 1.5 
47.60 – 48.50 BRK 2.0 FR - - - PE 100 - - - - 2.0 
48.50 – 50.80 BRK 2.0 FR DIS INT F PS 95 LU 5 - - 2.0 
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50.80 – 52.30 BRK 2.0 FR DIS INT F PM 95 LU 5 - - 2.0  
52.30 – 53.80 BRK 2.0 FR DIS INT - LU 100 - - - - 2.5 Blue quartz lode with coarse gahnite and amorphous garnet tending to silicified biotite bearing garnet quartzite. 
Weathering is restricted to minor fault and shears zones (± interlocking fracture planes). However at this point 
weathering is beginning to phase out. 
53.80 – 54.50 BRK 2.0 FR - - F GQ 80 PUG 20 - - 2.0 
54.50 – 59.80 BRK 2.0 BAN DIS INT F PS 70 PM 20 LU 10 0.5 Interbanded sericitic/blue quartz and fine grained garnet psammopelite, with mineralisation occurring in more psammitic 
regions containing coarse grained sphalerite and galena associated with pyrrhotite from 56.8-57.50m (tending to augen 
feldspar pelite from 61.5-62.5m). The intensity of weathering is drastically lower even with areas which show a poorly 
competent lithology in which oxidation and weathering is still negligible and only concentrated around fractures (i.e. 
59.8m-60.5m) and shear/fault zones (i.e.70.5-73.6m). (GENERAL LIMIT OF WEATHERING 59.50) 
59.80 – 72.30 BRK 2.0 BAN DIS INT F LU 40 PM 20 PE 30 1.0 
76.60 – 81.60 BRK 2.0 BAN - - F PE 65 PS 35 - - 0.5 
 
END OF SECTION 
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Comments 
0.00 – 16.50  BRK  LEE, VUG - - M PG 92 PEG 8 - - 3.0 
Extensively weathered potosi gneiss with quartzo-feldspathic interbands (well to poorly developed biotite rims), with 
additional Fe/Mn staining relative to highly fractured areas (high breaks per meter). 
16.50 – 27.80 BRK, SHR 2.5 LEE, VUG - - C PG 90 PEG 10 - - 3.5 
Weathering is extensively accelerated by the presence of a shear zone in which sericite is well developed and readily 
weathered to clays. This interval is predominately stained with iron (Fe/Mn) oxides indicating the drawdown of 
oxygenated/acidic waters along permeable structures. 
27.80 – 29.80 BRK, R 2.0 LEE, PEG - - M PM 85 PG 8 PEG 7 1.5 
Retrogressed garnetiferous psammopelite (resembling potosi gneiss - hard to differ) with a few quartzo-feldspathic 
segregations in the interval. Relatively low degree of weathering with a low abundance of Fe/Mn oxides. 
 
29.80 – 33.80 BRK, R 2.0 LEE, PEG - - C PM 100 - - - - 2.0 
Retrogressed psammopelite (coarse grained garnetiferous) tending to pelite, with moderate sericite development, which 
is suggestive to have originated from the weathering of sillimanite or an expression of moderate shearing. Evidence of 
Fe/Mn along fracture/joint planes. 
33.80 – 37.20 BRK 1.5 LEE - - M PE 100 - - - - 2.0 Moderately weathered psammite (massive unit no fabric) with small garnets, 0.5m long fracture runs along axis of core 
containing Fe/Mn oxides and calcite infill (1mm), with a zone of intense iron staining and fracturing between 37.2-37.9m 
(note weathering/gouge structures). 
37.20 – 37.90 BRK 1.5 LEE - - F PE 100 - - - - 2.5 
37.90 – 43.20 
BRK, R, 
SHR 
2.0 LEE - - F PE 100 - - - - 1.0 
Sheared/retrogressed psammopelite tending pelite (leached). Sericitisation is intense given that rocks show a high 
sheen.  
 
43.20 – 43.90   LEE, PIT MAS BLB - MIN 75 L 25 - - 2.5 
Alternating zones (interstitial) of high grade quartz lode and mineralisation (galena, sphalerite -blebby ore). Weathering is 
relatively intense with extensive pitting (partial leaching/mobilisation) and oxide staining present. (GENERAL LIMIT OF 
OXIDATION 43.0 m) 
43.90 – 45.50 BRK 1.5 LEE, PIT MAS BLB - L 65 MIN 35 - - 2.5 
Interstitial zones of medium grade quartz lode with intervals of galena/sphalerite mineralisation showing evidence of 
mobilisation and oxidation via the preservation of pitting structures and staining. 
45.50 – 46.70 BRK 1.5 LEE, PIT MAS DIS - L 60 MIN 40 - - 2.5 
High grade siliceous sphalerite/galena mineralisation containing abundant fine grained bustamite, hedenbergite and 
gahnite, showing similar evidence of weathering with sphalerite relatively friable from structure (due to oxidation or 
hydrolysis). 
46.70 – 51.20 BRK 1.0 LEE DIS INT - LU 100 - - - - 0.5 
Low grade blue quartz lode containing siliceous quartz, bustamite, hedenbergite and low grade 
galena/sphalerite/chalcopyrite with minor traces of oxidation via the hydrolysis of pyrrhotite (evidence of pitting and 
Fe/Mn staining). 
51.20 – 53.20 BRK 1.0 MAS MAS DIS - LU 80 MIN 20 - - 1.5 Low to medium grade blue quartz lode containing minor-moderate abundance of sphalerite, galena and minor 
chalcopyrite with white quartz and gahnite traces. Weathering is relatively weak partially due to the preservation of 
disseminated ore within unreactive quartz, with limited structures available to provide fluid ingression and oxidation. 
(GENERAL LIMIT OF WEATHERING 51.20 m) 
53.20 – 57.00 BRK 1.0 MAS MAS DIS - LU 85 MIN 15 - - 1.5 
57.00 – 59.20 BRK 1.0 BAN DIS INT F L 75 PE 25 - - 1.5 
Quartz lode banded with horizons of bustamite, hedenbergite and arsenopyrite, with two thin calc-silicate horizons at 
58.0m (with abundant loellingite in the last 0.5m of the interval). Galena/sphalerite mineralisation represents fine grained 
disseminations and are relatively preserved (± minor Fe oxides). 
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59.20 – 64.30 
 
BRK, R 
2.0 LEE DIS INT F PM 93 PEG 7 - - 1.0 
Retrogressed psammopelite tending  to pelite, containing small intervals of lode-bearing pegmatite (galena/pyrrhotite  
mineralisation) segregations with sericite noted. Weathering is less predominant with the preservation of pyrrhotite 
indicating the end of the systems redox barrier. 
64.30 – 70.80 
 
BRK, R 
1.5 
 
LEE DIS INT F GQ 70 L 30 - - 1.0 
Garnet quartzite/retrogressed pelite with minor disseminations of blue quartz and gahnite, with minor bands of sphalerite, 
pyrrhotite, chalcopyrite and galena at 66.1m (chlorite on some fractures). However Fe/Mn oxides and mobilisation is low  
 
70.80 – 72.10 
 
BRK, R 
1.5 
 
LEE DIS INT F GQ 100 - - - - 1.0 
Garnet quartzite (moderately rich in biotite) containing minor disseminated sphalerite, galena and pyrrhotite 
mineralization, with minor abundances of blue quartz and gahnite (structure is massive as no fabric). 
 
72.10 – 72.70 R 1.5 LEE - - F PE 65 L 35   0.5 Retrogressed psammopelite tending pelite (sericite is less abundant) with little to no oxidation within fractures (may 
indicate oxidation phases out between ~ 59.2 - 70.8m). 
72.70 – 74.50 BRK 1.5 LEE DIS INT F PE 100 - - - - 1.5 Garnet quartzite tending blue quartz lode/gahnite (interbedded) and retrogressed psammopelite (moderately abundant in 
biotite, sphalerite, minor chalcopyrite and galena occurring in siliceous lode as medium grained patches or fine grained 
disseminations).  
 
74.50 – 75.80  - 1.5 - - - F PM 100 - - - - 0.5 
75.80 – 76.20 BRK 1.5 LEE DIS INT F LU 100 - - - - 1.5 
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Comments 
0.00 – 16.00 BRK, SHR 2.5 LEE, VUG - - M PG 100 - - - - 2.0 
Foliated potosi gneiss extensively weathered with Fe/Mn oxides along joint/fractures planes, with the partial breakdown 
of aluminosilicates noted (i.e. feldspars and micas prominent throughout core structure). Unreactive overburden has 
resulted in relatively low weathering/oxidation intensity. 
16.00 – 25.20  BRK, SHR 2.5 LEE, VUG - - M PG 100 - - - - 3.5 
Sheared potosi gneiss (heavily weather 3-4) in which sericite development is intense with rock breaking along 
foliation/shear plane (Eastern shear zone). Weathering is extensive due to intense fluid ingression along shear planes 
resulting in widely distributed partial clays and Fe/Mn oxides. 
25.20 – 28.60 BRK, SHR 2.5 LEE, VUG - - C PG 80 PM 20 - - 2.0 
Sheared potosi gneiss (lack of biotite rim development), shearing is still intense as previous interval but more competent 
(less breaks). Iron oxides and partial clays along fracture planes and grain boundaries extensively noted. 
 
28.60 – 31.80 
BRK, R, 
SHR 
2.5 LEE, VUG - - M PM 100 - - - - 2.0 
Sheared/retrogressed psammopelite with abundant sericite and biotite, with the interval being quiet competent up until 
31.0m (gouge structures are evidently noted from partial breakdown of aluminosilicate along foliation/shear planes). Less 
Fe/Mn oxides than overlying stratigraphy. 
31.80 – 33.60 BRK, R 2.0 LEE FR DIS F GQ 100 - - - - 3.0 
Retrogressed garnet quartzite (possibly sheared) with minor mineralisation and biotite abundances, of which extensive 
Fe/Mn oxides are present throughout the entire structure of the core (fractures and grain boundaries). 
 
33.60 – 34.00 BRK 2.0 LEE, BOX - - - GOS 100 - - - - 5.0 
High grade gossanous expression of 2 Lens (weathered horizon shows coarse/remobilised galena) with zones of 
secondary minerals including pyromporphite noted in extensive boxwork structures. Note Fe/Mn oxides are extensive in 
overall structure. 
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`34.00 – 35.40 BRK 2.5 LEE, VUG - - F PS 100 - - - - 3.0 
Retrogressed psammite containing a siliceous interval of highly weathered of garnet quartzite (biotite is moderately 
abundant), with weathering being quiet extensive due to the unit being broken ( fractured) resulting in enriched Fe/Mn 
concentrations ± partial clays (kaolinite and/or smectite). 
35.40 – 37.00 BRK 2.0 LEE, BOX - - - GOS 100 - - - - 4.5 
Heavily weathered/leached gossanous expression of 2 Lens (interval is highly siliceous) with amounts of blebby ore, with 
boxworks being extensive. Secondary minerals including pyromorphite are also noted, with leaching being quiet 
extensive (Fe/Mn staining is dominant in badly broken and friable units). 
37.00 – 39.30 BRK, R 2.0 LEE DIS INT F SS 100 - - - - 2.5 
Retrogressed garnet sandstone tending garnet quartzite (biotite distribution), representing a highly weathered interval 
but not as extensive as the overlying interval due to the absence of sulphides (mineralisation lacking and/or poorly 
developed). 
39.30 – 40.80 BRK, R 2.0 LEE - - F PM 100 - - - - 2.0 
Retrogressed psammopelite (sericitised) which represents a relatively competent structure in relation to overlying and 
underlying facies, with limited Fe/Mn oxides and partial clay development (possibly due to the absence of structures). 
40.80 – 41.90 BRK 2.0 LEE, VUG FR INT F GQ 100 - - - - 3.5 
Possible garnet sandstone (hard to define), weathering is intense with Fe/Mn oxides dispersed throughout the complete 
structure. Malachite is present along with minor amounts of pyromporphite. 
 
41.90 – 46.20 BRK, R 2.0 LEE, VUG - - F PM 100 - - - - 2.0 
Retrogressed psammopelite tending to psammite (sericite present) which are pale in some regions as a result of 
leaching, in which the facie is quiet competent up until 43.8m where it then becomes highly broken and hence higher 
concentrations of Fe/Mn oxides. (GENERAL LIMIT OF OXIDATION 46.00 m) 
46.20 – 48.90 BRK, R 1.5 LEE - - F PM 80 PEG 20 - - 1.5 
Retrogressed psammopelite cross-cut with pegmatite (plumbian orthoclase, biotite blotches and quartzo-feldspathic 
segregations) containing sphalerite and galena mineralisation which is fractured along foliation planes, with further 
evidence of Fe/Mn oxides. 
48.90 – 56.00  BRK, R 1.5 LEE - - F PM 100   - - 2.0 
Retrogressed psammopelite (medium-fine grained garnet) tending psammite, containing gahnite, pyrrhotite and minor 
chalcopyrite and sphalerite with small remobilised patches (<10mm). Fractures are notably filled with chlorite and Fe/Mn 
staining in breaks and fracture planes. 
56.00 – 65.00 BRK, R 1.5 - - - F PM 80 L 20 - - 1.5 
Retrogressed/garnetiferous psammopelite/psammite (biotite enriched areas) with mineralisation focused in lode-bearing 
pegmatite’s (foliation controlled by pegmatite) containing gahnite, pyrrhotite, galena and minor sphalerite + minor 
amounts of pinitised cordierite. 
65.00 – 70.50 BRK 1.5 - DIS INT F GQ 100 - - - - 1.5 Upper portion garnet quartzite (minor blue quartz and gahnite) contains minor sericite development (±pyrrhotite, galena 
and minor sphalerite mineralisation (disseminated)). In the lower portion lode-bearing psammopelite/retrogressed pelite 
is mixed with quartzo-feldspathic segregations, pyrrhotite, galena, minor chalcopyrite and sphalerite (all of which look 
relatively preserved, indicating the lower extremities of the redox barrier). 
70.50 – 76.30 BRK 1.5 - - - F PE 88 L 12 - - 0.5 
76.30 – 76.60 BRK 1.5 FR DIS INT F GQ 100 - - - - 0.5 
Garnet quartzite tending to lode rocks (enriched in quartz and feldspar, pyrrhotite, galena and sphalerite mineralisation), 
are notably weather and oxidation free indicating the maximum depth of weathering. Further evidence down hole of 
oxidation and chlorite/calcite (secondary mineral) precipitation in fracture and joint facies is notably the result of 
prelocating fluids along shear, faults and interlocking fractures which evidently do not represent the bulk of the 
weathering profile. Supergene enrichment is limited and has not been observed extensively in this hole, possibly due to 
the interlocking and high degree of fluid conduits. (GENERAL LIMIT OF WEATHERING 76.60 m) 
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Comments 
0.00 – 3.00 - - - - - - - - - - - - - No Core 
3.00 – 5.00 BRK, R 1.5 LEE, VUG - - F PE 100 - - - - 4.0 Extensively leached retrograde pelite showing evidence of aluminosilicate breakdown to clays (kaolinite) and 
concentration of Fe/Mn oxides along fracture and grain boundaries (poorly competent facie), tending to a heavily 
oxidised retrograde pegmatite. Weathering is intense due to the position in the upper leached capping (eluvial zone). 
5.00 – 6.00  BRK, R 1.5 LEE, VUG INT - F PEG 100 - - - - 4.0 
6.00 – 10.50 BRK, R 1.5 LEE, VUG - - F PM 100 - - - - 4.0 Retrogressed psammopelite (tending to pelite in some areas) interbedded with sericite (+/- strongly sericitised pegmatite 
and muscovite) which is highly leached and enriched in Fe/Mn oxides within grain and fracture boundaries. This is 
notably the result of high breaks per meter within the interval enabling intensive weathering via fluid ingression/oxidation 
(i.e. kaolinite enriched facies). 
10.50 – 12.80 BRK, R 1.5 LEE, VUG - - F PM 100 - - - - 4.0 
12.80 – 14.60 BRK, R 1.5 LEE, VUG - - F PE 100 - - - - 4.0 
14.60 – 14.80 BRK 1.5 LEE, VUG INT - F GQ 100 - - - - 4.0 Highly leached and oxidised garnet quartzite (gahnite bearing) tending to retrogressed pelite interbedded with 
psammopelite (sericite rich), which notably displays high concentrations of partial clays (kaolinite) and Fe/Mn (hematite) 
oxides within the highly fractured interval. Evidently the base of oxidation is local (~19.0m) however leaching and 
remobilisation is noted to extend further down in the stratigraphy. 
14.80 -17.00 BRK, R 1.5 LEE, VUG - - F PE 100 - - - - 3.5 
17.00 – 17.30  
BRK, R, 
SHR 
1.5 LEE, VUG - - F PM 100 - - - - 3.5 Sheared/retrogressed psammopelite/pegmatite tending to psammopelite/pelite with variable interbands containing high 
levels of Fe/Mn oxidation (hematite/goethite) eventually grading into low oxidation levels at 19.8m due to the higher 
competency of the facie and distance from the shear zone. (GENERAL LIMIT OF OXIDATION 19.80 m) 
17.30 – 18.80 BRK, R 1.5 LEE, VUG - - F PM 100 - - - - 3.0 
18.80 – 19.80 BRK, R 1.5 LEE, VUG - - F PM 100 - - - - 2.5 
19.80 – 27.20 
BRK, R, 
SHR 
2.0 LEE - - F PS 100 - - - - 2.0 
Variable bands of retrogressed pelite, psammopelite and psammitic layers which contain retrogressed sericite and 
augen feldspar with minor pegmatite segregations and Fe/Mn oxidation throughout the disrupted foliation and fracture 
planes of the sequence (+ minor shears at 23.6-25.8 and 27.2-28.4m?) (moderately fractured resulting in a higher 
degree of fluid ingression and oxidation). 
27.20 – 28.40 
BRK, R, 
SHR 
2.0 LEE, FR DIS INT F PE 55 PS 41 PEG 4 1.5 
28.40 – 30.80 BRK, R 2.0 LEE - - M PM 100 - - - - 1.5 Thinly bedded psammite/retrograde psammopelite (lesser feldspar/sericite) tending to medium grained psammopelite 
(sericite, fine-medium grained garnet, feldspar and biotite) and psammite units. Fe/Mn oxidation is only focused along 
fracture planes (zones of weakness) where permeability is highest. 
30.80 – 32.80 BRK, R 2.0 LEE - - M PM 100 - - - - 1.5 
32.80 – 33.10 BRK, R 2.0 LEE, FR DIS INT F L 68 PS 32 - - 3.0 Psammite (medium grained garnet) tending to retrogressed/oxidised pegmatite (Fe/Mn oxide staining (hematite/goethite) 
throughout fractures) in the upper interval. Majority of the interval represents a quartz lode facie (+/- sericite, chlorite, 
gahnite, biotite and non-magnetic pyrrhotite). Fe/Mn oxides are local to fractures but are only not as being low in 
abundance. 
33.10 – 33.60 BRK 2.0 LEE DIS INT F L 100 - - - - 1.5 
33.60 – 43.40 BRK, R 2.0 PEG DIS INT F PM 90 PEG 10 - - 2.0 
Retrogressed psammopelite (feldspar augen) with minor pegmatite intrusions (fine garnet and chlorite) tending to weakly 
retrogressed pelite (augen feldspar and augen quartz). With the lower interval tending to psammite layering (+/- 
pyrrhotite, biotite and fine grained garnet) and retrogressed pelite units. Evidence of weathering within late fractures 
shows evidence of sericite and kaolinite, however Fe/Mn oxidation is inhibited and very low, with hydrolysis not observed 
(possibly due to negligible sulphides present). (GENERAL LIMIT OF WEATHERING 36.30 m) 
 
END OF SECTION 
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Comments 
0.00 – 5.80 BRK 2.0 LEE, VUG - - M PG 100 - - - - 3.0 Interbedded potosi gneiss with medium grained garnet and biotite bands tending to psammopelite layers, with few 
pegmatite bands. Weathering of the upper surface is only minor (not expected for an upper leached capping) with only 
minor oxidation along fractures. The upper 2m (7.8-10.0m) is highly broken resulting in partial clay development from 
aluminosilicates, however as ground becomes more competent weathering drastically declines. 
5.80 – 14.00 BRK 2.0 LEE - - M PG 80 PEG 20 - - 2.0 
14.00 – 22.80 BRK 2.0 LEE - - M PM 93 PEG 7 - - 3.0 
Highly broken psammopelite (little augen feldspar) tending to resemble potosi gneiss, with few pegmatite bands. Due to 
the increase in fractures weathering and oxidation has increased with partial-completely developed clays noted in some 
areas due to hydrolysis (shear?). 
22.80 – 23.90 BRK, SHR 2.0 LEE - - M PM 100 - - - - 2.0 Well banded retrogressed biotite/psammopelite tending to pelite (medium grained garnets) and potosi gneiss in the lower 
portion of the interval (few sericitic zones) with minor pegmatite bands. Slight increase in the rocks competency has 
resulted in a decline in weathering with only slightly moderate oxidation observed along permeable planes i.e. 
joints/fractures. (GENERAL LIMIT OF OXIDATION 23.90 m) 
23.90 – 30.10 BRK 2.0 LEE - - M PG 100 - - - - 1.5 
30.10 – 40.20 BRK, R 2.0 LEE, VUG - - C PM 95 PEG 5 - - 2.5 
Partially broken, interbedded and retrogressed psammopelite (coarse grained augen garnets, sericite, biotite and quartz 
etc.) (+/- minor pegmatite bands in the lower portion of the interval) showing a gradational decline in biotite and garnet 
size, with vuggy structures observed relative to Fe/Min oxidation along fractures and zones of high permeability 
(fractures, joints and possible shears?). Vuggy structures may be attributed to partial breakdown of aluminosilicates. 
40.20 – 50.10 
BRK, R, 
SHR 
2.0 LEE - - M PE 80 PEG 20 - - 1.5 
Partly sericite pegmatite bands with minor blue quartz tending to fine/irregular interbedded biotite, sericitic pelite facies 
(+/- scattered small to medium grained garnets), which at 44.30m tends to retrogressed pelite (minor augen garnet) with 
few sericitic pegmatite bands (partly broken). Weathering is variable and local to fractures and possible fault/shear 
planes (highly broken at 48.5-49.0m), with sericite alteration being more readily weathered to clays (i.e. kaolinite and pug 
clays) than other minerals (i.e. quartz and feldspars) (Note: oxidation is negligible within this interval). 
50.10 – 50.40 BRK 2.0 LEE DIS INT - MIN 100 - - - - 2.0 
Medium to high grade quartz gangue ore containing fine to medium grained sphalerite and galena showing only minor 
pitting structures local to sulphides. 
50.40 – 51.90 
BRK, R, 
SHR 
2.0 LEE - - F PM 100 - - - - 1.5 
Finely interbedded/retrogressed psammopelite (partly schistose) with thin fine grained garnet psammite bands 
(moderately broken) tending to partly broken irregular quartz lode and garnet quartzite (+ bands of sandstone). Minor 
shear noted at 51.90-52.10m (highly broken) with oxidation being absent along fractures. 51.90 – 53.10 BRK, SHR 1.5 LEE, BAN - - F GQ 90 SS 10 - - 1.5 
53.10 – 57.00 BRK 1.5 LEE, PIT MAS DIS F L 100 - - - - 2.0 
Low to medium grade quartz lode (minor garnet) tending to bluish quartz lode with garnet rich zones tending to garnet 
quartzite (containing few bands and disseminated sphalerite, pyrrhotite, galena and chalcopyrite). Lode facies are 
partially broken, exhibiting moderate weathering inclusive of pitting and minor oxidation relative the hydrolysis of 
pyrrhotite. 
57.00 – 59.50 BRK 1.5 LEE, PIT DIS INT F PS 60 LU 40 - - 1.0 
Massive psammite (biotite, fine garnet and gahnite) with bluish quartz lode zones containing disseminated pyrrhotite and 
to a lesser extent sphalerite and galena which display little to no weathering. 
59.50 – 60.50 BRK 1.5 
LEE, PIT, 
BOX 
DIS INT F GOS 95 MIN 5 - - 5.5 
Brown quartz lode/garnet quartzite tending to gossan (vuggy/pitted structures), containing extensive voids and a high 
degree of manganese oxidation throughout the entire structure (indicating intense leaching and remobilisation of 
sulphides (high grade?)) 
60.50 – 69.30 BRK - LEE - - F PS 100 - - - - 1.5 
Bluish quartz/psammite (fine grained garnet) interbedded with retrogressed psammopelite (containing large clots of 
sericite) with few patches of pyrrhotite, galena and sphalerite. Weathering is only partially concentrated along fracture 
with only minor staining observed. 
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69.30 – 72.50 BRK 1.5 LEE, PIT DIS INT F LU 100 - - - - 1.5 
Blue quartz lode tending low grade with scattered garnets containing fewer bands of sphalerite, pyrrhotite and minor 
galena with Fe/Mn oxidation and associated weathering minerals local to fractures with pitting only observed in some 
areas of the facie. 
72.50 – 75.90 BRK 1.0 LEE, PIT MAS DIS F LU 80 MIN 20 - - 1.5 
Blue quartz lode with banded hedenbergite and minor gahnite tending low grade but with patches of medium grade 
sphalerite, galena, pyrrhotite and chalcopyrite. Minor weathering is noted in terms of small to nil pitting structures, with 
oxidation and associated weathering minerals becoming less predominant. 
75.90 – 76.80 BRK 1.0 LEE, PIT MAS INT F MIN 92 SS 8 - - 0.5 Hedenbergite rich lode with lesser quartz/garnet containing disseminated medium grained galena and sphalerite 
(massive), with minor weathering and negligible oxidation noted indicating a relatively end to the weathering profile. 76.80 – 77.70 BRK 1.0 LEE, PIT MAS INT F MIN 94 SS 6 - - 0.5 
77.70 – 78.30 BRK 1.0 LEE, PIT DIS INT F SS 97 L 3 - - 0.5 
Slightly lode/garnet sandstone containing minor mineralisation and arsenopyrite which is ultimately well preserved within 
the matrix, with little to no weathering observed. 
78.30 – 83.90 BRK, R 1.0 - - - F PM 100 - - - - 0.5 Strongly retrogressed psammopelite tending to pelite with numerous thin bands of fine garnet psammite layers, tending 
to blue quartz lode which display bands of sphalerite, chalcopyrite, pyrrhotite and galena of which has been noted as 
relatively fresh (hypogene ore). This extent represents the maximum extent of weathering. (GENERAL LIMIT OF 
WEATHERING 85.60 m) 
 
83.90 – 85.60 BRK 1.0 - DIS INT F LU 75 MIN 25 - - 0.5 
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Comments 
0.00 – 7.80 - - - - - - - - - - - - - No Core 
7.80 – 12.80       PG 94 PEG 6 - -  
Partly broken potosi gneiss with few pegmatite bands, showing evidence of minor vughs and gouge structures? 
(weathering of aluminosilicates), with minor Fe/Mn oxides observed along fracture planes. 
12.80 – 21.60       PG 90 PEG 7 PUG 3  
Broken potosi gneiss (slightly sericitic towards the base of the interval, with additional smaller garnets and gneissic 
textures occurring down hole). Weathering is extensive along fractures, displaying vugh/gouge textures and a clayey/ 
puggy zone between 19.5-21.6m. 
21.60 – 29.00       PM 95 PEG 5 - -  Banded biotite-rich psammopelite (augen garnets/sericitic) tending to resemble potosi gneiss facies (+/- fewer bands of 
pegmatite), with pegmatite in the lower portion of the interval (possible retrogressed as well as weathered). Intensity of 
weathering is still high with Fe/Mn oxidation noted throughout the structure as well as the partial to complete breakdown 
of feldspars and micas to clays (evident via vugh/gouge structures throughout the facie). 
29.00 – 30.80       PEG 100 - - - -  
30.80 – 35.90       PM 80 PEG 20 - -  
Banded sericitic/retrogressed psammopelite (augen garnets +/- chlorite) tending to more quartzose/chloritic 
psammopelite with minor pegmatite facies. Fe oxidation and vugh/voids structures noted in pegmatite’s (partial to 
complete breakdown of aluminosilicates and impregnated galena) with additional evidence of stressed galena. 
35.90 – 40.30        L 70 PM 25 PEG 5  Intermixed quartz lode, pegmatite and retrogressed psammopelite, tending to retrogressed psammopelite (chloritic) and 
bands of psammite (10-15cm) becoming more quartz-rich at the base of the interval. Weathering is extensive, with 
Fe/Mn oxidation noted to be local to fractures in all facies (interval is highly fractured) and pyrrhotite concentrations in the 
upper interval, with additional weathered galena noted. 
40.30 – 43.10       PM 70 PS 30 - -  
43.10 – 43.50       PEG 100 - - - -  
43.50 – 45.00        PS 90 PEG 10 - -  Psammite tending to psammopelite with minor bands of pegmatite, tending to fairly uniform banded/partly sericitic  
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45.00 – 57.70       PM 93 PEG 7 - -  
psammopelite. Weathering is concentrated to fractures along foliation (hematite/goethite noted). (GENERAL LIMIT OF 
OXIDATION 45.00 m) 
57.70 – 60.10      F PM 60 PEG 40 - -  
More quartzose, less retrogressed psammopelite with pegmatite, tending to coarsely interbedded/retrogressed 
psammopelite and coarse pegmatite. Weathering has been enhanced as a direct result of extensive fractures and minor 
shears (malachite and azurite noted to be present in fractures but only as minor secondary minerals). 
60.10 – 63.70      F PM 75 PS 22 PUG 3  Quartzose (partly sericitic) psammopelite with minor psammite bands which contain rare pyrrhotite (+ partly puggy clays 
and Fe oxidation local to fractures) and minor pegmatite, tending to psammite and minor retrogressed (iron stained) 
psammopelite with few fractures (fairly massive). The middle and lower units of the interval consist of banded coarse 
grey pegmatite tending to fine garnet psammite (minor sericite) which phase into retrogressed pale psammopelite with 
thin quartzose bands. General weathering trend includes minor Fe oxidation along fracture with cross veins and fractures 
infilled with minor calcite. Areas which show minor shearing (or intense foliation) show sericite alteration being broken 
down to partial clays more readily than the surrounding lithology. 
63.70 – 66.00      F PS 85 PM 15 - -  
66.00 – 66.50       F PEG 100 - - - -  
66.50 – 68.20      F PS 70 PM 30 - -  
68.20 – 70.10      F PM 100 - - - -  
70.10 – 71.20      F PS 100 - - - -  Massive fine grained psammite (with wispy sericite and sillimanite) tending to retrogressed psammopelite (sericitic), 
psammite and pegmatite layers, with the lower portion representative of quartzose psammite with minor blue quartz. 
Lode bands are noted to consist of fine gahnite, medium grained pyrrhotite, sphalerite and galena, all of which show 
minor oxidation along cross fractures and minor to negligible pitting structures. 
71.20 – 76.10      F PM 65 PS 25 PEG 10  
76.10 – 80.20       F PS 75 LU 25 - -  
80.20 – 82.10      F PEG 97 PUG 3 - -  Broken (shear observed at 81.9m) retrogressed (puggy) pelite with calcite veins, tending to retrogressed psammopelite 
(sericitic - represented as large clots) and partly pelite facies (+/- interbedded psammite units) with scattered pegmatite 
and minor Fe oxidation along local fractures (scattered bands of sphalerite and pyrrhotite). This tends to more 
psammite/retrogressed psammopelite (augen sericite/feldspar) with biotite rich bands and lode-bearing bands of 
pegmatite (+/- gahnite) containing disseminated pyrrhotite and chalcopyrite. Weathering is further inhibited via an 
increase in the rocks competency resulting in a decline of Fe oxidation (grading into fresher rock units at ~82.0m). 
82.10 – 90.60      F PM 70 PS 22 PEG 8  
90.60 – 93.10       F PS 70 PM 30 - -  
93.10 – 95.30      F PM 75 L 20 PEG 5  
95.30 – 96.00       F LU 100 - - - -  Blue quartz lode (common disseminated chalcopyrite and pyrrhotite), tending to pale, finely banded garnet sandstone 
and similar blue quartz lode as the overlying sequence. Evidence of boxworks and gossanous units showing evidence of 
pitting, leaching and mobilisation of sulphides (high to medium grade sulphides?), with additional secondary minerals 
(limonite) noted to have been concentrated along fracture planes. 
96.00 – 96.30      F SS 100 - - - -  
96.30 – 97.00      F LU 100 - - - -  
97.00 – 101.40      F PM 85 PS 15 - -  Banded retrogressed psammopelite with minor psammite bands (rare disseminated pyrrhotite), tending to moderately 
broken psammite/retrogressed psammopelite (wispy sericite) at the base before being disrupted via coarsely grey, and 
partly sericitic pegmatite units. Whilst there is an increase in the integrity/competency of the rock, oxidation and 
weathering is minimal and may ultimately indicate an end of the weathering profile. 
101.40 – 104.60      F PS 87 PM 13 - -  
104.60 – 105.00      F PEG 100 - - - -  
105.00 – 107.20      F PM 100 - - - -  Retrogressed psammopelite (augen sericite/feldspar) tending to a fairly broken retrogressed pelite (chloritic), which 
eventually phases into a retrogressed psammopelite/psammopelite facie containing minor quartzose psammite bands 
and minor cross fractures. Weathering at this interval is relatively low, however a possible shear at 113.55m (evident via 
sericite alteration/breakdown to partial clays) and pale/leached adjoining units may indicate that interlocking/intersecting 
fractures and shears have allowed intense fluid ingression to penetrate this far into the stratigraphy. 
107.20 – 110.30      F PE 100 - - - -  
110.30 – 112.70      F PM 72 PS 24 PEG 4  
112.70 – 116.40      F PM 100  - - -  
116.40 – 117.00      F PEG 85 PM 15 - -  Retrogressed pegmatite (coarse sericitic) with 10cm psammopelite bands tending to massive dark biotitic/quartz 
psammopelite units, in which oxidation is absent. (GENERAL LIMIT OF WEATHERING 119.50 m) 117.00 – 119.50      F PS 75 PM 25 - -  
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Comments 
0.00 – 17.90 BRK 2.0 LEE, VUG - - M PM 90 PEG 10 - - 3.0 
Moderately foliated psammopelite containing weakly sericitised intervals, with intensely clay-altered pegmatite’s 
(kaolinite) due to the breakdown of aluminosilicates to clays. Heavily oxidised facie with Fe/Mn (vuggy texture) extending 
into fractures and grain boundaries. 
17.90 – 26.70 
BRK, R, 
SHR 
2.0 LEE, VUG - - M PM 94 PEG 6 - - 3.5 
Retrograde psammopelite (strongly sericitised) with oxidised garnets (+ Fe/Mn oxidation along shear and fractures) and 
in some places sericite has been alter to clays. Evidence of perthitic bands from 17.7-18.1m. (GENERAL LIMIT OF 
OXIDATION 25.00 m) 
26.70 – 41.70 BRK, R 2.0 LEE - - M PE 94 PEG 6 - - 3.0 
Moderately foliated (partially sericitised) pelite tending to psammopelite with interbanded psammitic layers showing 
discrete intervals of Fe/Mn oxidation with three foliations recognised (lithological banding, prograde foliation and 
retrograde sericite foliation. 
41.70 – 48.00 BRK 2.0 LEE, VUG - - F PE 99 PEG 1 - - 2.5 
Moderately foliated pelite (sericite noted) interbanded with minor psammopelite with some patches of Fe/Mn oxide 
staining which notably phases out (still evidence of vuggy structures) in competent facies (whilst higher in shear/fracture 
planes as noted below). 
48.00 – 51.00 BRK, SHR 3.0 LEE, VUG - - F PE 95 PEG 5 - - 3.5 
Strongly foliated (partially sericitised) pelite (biotite rich) containing rare pyrrhotite, chalcopyrite and galena mineralisation 
with minor pegmatite occurring at 50.30-50.50m. Weathering is enhanced via local shear structures however oxidation is 
no longer present down hole. 
51.00 – 53.90  BRK 2.5 FOL - - M PEG 100 - - - - 1.0 Weakly sericitised pegmatite overlying a moderate to strongly foliated (weakly sericitised) pelite with minor pegmatite 
facies at 54.0-54.2m, units look relatively fresh with minor fractures along foliation planes however no limonitic 
precipitates have been observed (possibly due to the structures high competency and relatively low sulphide 
abundance). 
53.90 – 56.30 BRK, R 2.5 FOL - - M PE 90 PEG 10 - - 1.5 
56.30 – 59.10 BRK 2.0 FR - - M PEG 100 - - - - 1.5 
Weakly sericitised pegmatite tending to a strongly foliated (weakly sericitised) pelite. 
59.10 – 60.10 
BRK, R, 
SHR 
3.0 FOL - - F PE 97 PEG 3 - - 1.5 
60.10 – 64.10 BRK 2.0 FR - - M PEG 100 - - - - 1.0 
Weakly sericitised pegmatite tending to strongly foliated (weakly sericitised) psammopelite. 
64.10 – 66.40  BRK, R 3.0 FR - - F PM 100 - - - - 0.5 
66.40 – 67.00 BRK, R 1.5 FR - - M PEG 100 - - - - 0.5 Pegmatite tending to grade into weakly foliated psammite and psammopelite units, these have been noted as relatively 
fresh (no oxidation) with little to no breakdown of micas/aluminosilicates in heavily foliated areas i.e. Shear and fracture 
zones. (GENERAL LIMIT OF WEATHERING 94.90m) 
67.00 – 70.00 BRK, R 1.5 FR - - F PS 100 - - - - 0.5 
 
END OF SECTION
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6.3 Appendix C: Assay Results  
 
Section: 16 Location: Perilya Limited Southern Operation Note: % Difference indicates complete or partial oxidation 
DDH ID Depth Interval Pb (%) Ag (ppm) Zn (%) Cu (%) PbZn (%) 
PbOxy 
(%) 
ZnOxy 
(%) 
Difference (%)     
(Zn - ZnOxy) 
Difference (%)                                
(Zn%-OxZn)/Zn% 
Difference (%) 
(Pb - PbOxy) 
Difference (%)                                
(Pb%-OxPb)/Pb% 
Zone 
8394 0.00 29.10 NA NA NA NA NA NA NA - - - - 
O
X
ID
A
TIO
N
 ZO
N
E 
8394 29.10 30.10 0.22 2.00 0.22 0.02 0.44 0.06 0.10 0.12 45% 0.16 27% 
8394 30.10 31.50 0.54 15.00 0.21 0.06 0.75 0.27 0.06 0.15 29% 0.27 50% 
8394 31.50 32.50 0.11 0.00 0.12 0.01 0.23 0.06 0.05 0.07 42% 0.05 55% 
8394 32.50 34.10 0.28 6.00 0.15 0.05 0.43 0.08 0.04 0.11 27% 0.20 29% 
8394 34.10 35.30 4.89 91.00 1.08 0.18 5.97 0.49 0.06 1.02 6% 4.40 10% 
8394 35.30 36.00 8.62 164.00 2.54 0.57 11.16 3.53 0.12 2.42 5% 5.09 41% 
8394 36.00 37.50 1.20 18.00 0.26 0.13 1.46 0.26 0.15 0.11 58% 0.94 22% 
8394 37.50 39.10 0.85 11.00 0.23 0.09 1.08 0.10 0.17 0.06 74% 0.75 12% 
8394 39.10 46.00 NA NA NA NA NA NA NA 
- 
- - - 
8392 0.00 16.60 NA NA NA NA NA NA NA - - - - 
O
X
ID
A
TIO
N
 ZO
N
E 
8392 16.60 17.10 0.33 7.00 0.16 0.07 0.49 0.23 0.04 0.12 25% 0.10 70% 
8392 17.10 17.60 25.20 565.00 0.40 0.03 25.60 26.40 0.04 0.36 10% 1.20 100% 
8392 17.60 18.40 9.06 143.00 1.02 0.04 10.08 3.33 0.12 0.90 12% 5.73 37% 
8392 18.40 18.90 2.98 37.00 1.71 0.02 4.69 0.47 0.48 1.23 28% 2.51 16% 
8392 18.90 19.50 1.27 18.00 0.74 0.04 2.01 0.20 0.25 0.49 34% 1.07 16% 
8392 19.50 20.50 0.14 8.00 0.22 0.02 0.36 0.08 0.13 0.09 59% 0.06 57% 
8392 20.50 21.50 0.08 3.00 0.26 0.01 0.34 0.07 0.09 0.17 35% 0.01 88% 
8392 21.50 41.00 NA NA NA NA NA NA NA - - - - 
8392 41.00 43.30 0.12 10.00 0.14 0.02 0.26 0.09 0.11 0.03 79% 0.03 75% 
8392 43.30 45.10 0.16 6.00 0.15 0.05 0.31 0.12 0.08 0.07 53% 0.04 75% 
6118A 0.00 26.80 NA NA NA NA NA NA NA - - - - 
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Section: 18 Location: Perilya Limited Southern Operations Note: % Difference indicates complete or partial oxidation 
DDH ID Depth Interval Pb (%) Ag (ppm) Zn (%) Cu (%) PbZn (%) 
PbOxy 
(%) 
ZnOxy 
(%) 
Difference (%)     
(Zn - ZnOxy) 
Difference (%)                                
(Zn%-OxZn)/Zn% 
Difference (%) 
(Pb - PbOxy) 
Difference (%)                                
(Pb%-OxPb)/Pb% 
Zone 
6635 0.00 3.70 NA NA NA NA NA NA NA - - - - 
O
X
ID
A
TIO
N
 ZO
N
E
 
6635 3.70 4.10 9.80 86.00 0.23 0.10 10.03 13.00 0.11 0.12 48% 3.20 100% 
6635 4.10 5.30 NA NA NA NA NA NA NA - - - - 
6635 5.30 5.70 0.98 7.00 0.17 0.07 1.15 0.66 0.06 0.11 35% 0.32 67% 
6635 5.70 13.60 NA NA NA NA NA NA NA - - - - 
6635 13.60 15.30 0.64 17.00 0.90 0.14 1.54 0.15 1.11 0.21 100% 0.49 23% 
6635 15.30 16.50 NA NA NA NA NA NA NA - - - - 
6635 16.50 17.90 0.05 4.00 0.20 0.03 0.25 0.05 0.10 0.10 50% - 100% 
6635 17.90 19.00 NA NA NA NA NA NA NA - - - - 
6635 19.00 19.20 0.40 23.00 0.23 0.08 0.63 0.30 0.08 0.15 35% 0.10 75% 
6635 19.20 39.80 NA NA NA NA NA NA NA - - - - 
6135 0.00 47.50 NA NA NA NA NA NA NA - - - -  
Z2812 0.00 50.00 NA NA NA NA NA NA NA - - - -  
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Section: 20 Location: Perilya Limited Southern Operations Note: % Difference indicates complete or partial oxidation 
DDH ID Depth Interval Pb (%) Ag (ppm) Zn (%) Cu (%) PbZn (%) 
PbOxy 
(%) 
ZnOxy 
(%) 
Difference (%) 
(Zn - ZnOxy) 
Difference (%)                                
(Zn%-OxZn)/Zn% 
Difference (%) 
(Pb - PbOxy) 
Difference (%)                                
(Pb%-OxPb)/Pb% 
Zone 
6159 0.00 31.00 NA NA NA NA NA NA NA - - - - 
 
6170 0.00 20.20 NA NA NA NA NA NA NA - - - - 
O
X
ID
A
TIO
N
 ZO
N
E 
6170 20.20 20.50 54.00 680.00 0.00 0.09 54.00 33.66 0.02 0.02 100% 20.34 62% 
6170 20.50 22.80 20.80 181.00 3.50 0.18 24.30 16.68 4.09 0.59 100% 4.12 80% 
6170 22.80 25.70 24.00 173.00 0.40 0.26 24.40 21.68 0.38 0.02 95% 2.32 90% 
6170 25.70 26.20 7.50 75.00 0.30 0.14 7.80 4.64 0.14 0.16 47% 2.86 62% 
6170 26.20 46.60 NA NA NA NA NA NA NA - - - - 
6170 46.60 47.00 17.40 222.00 0.20 0.08 17.60 1.12 0.07 0.13 35% 16.28 6% 
6170 47.00 48.00 NA NA NA NA NA NA NA - - - - 
6170 48.00 48.60 1.10 16.00 0.20 0.07 1.30 0.27 0.07 0.13 35% 0.83 25% 
7099 0.00 51.10 NA NA NA NA NA NA NA - - - - 
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Section: 22 Location: Perilya Limited Southern Operations Note: % Difference indicates complete or partial oxidation 
DDH ID Depth Interval Pb (%) Ag (ppm) Zn (%) Cu (%) PbZn (%) 
PbOxy 
(%) 
ZnOxy 
(%) 
Difference (%) 
(Zn - ZnOxy) 
Difference (%)                                
(Zn%-OxZn)/Zn% 
Difference (%) 
(Pb - PbOxy) 
Difference (%)                                
(Pb%-OxPb)/Pb% 
Zone 
6677 0.00 9.10 NA NA NA NA NA NA NA - - - - 
 
6191 0.00 11.90 NA NA NA NA NA NA NA - - - - 
O
X
ID
A
TIO
N
 ZO
N
E
 
6191 11.90 12.60 0.60 15.00 0.90 0.04 1.50 0.98 0.46 0.44 51% 0.38 100% 
6191 12.60 12.90 4.90 53.00 0.90 0.09 5.80 1.01 0.46 0.44 51% 3.89 21% 
6191 12.90 15.80 0.30 3.00 0.50 0.05 0.80 0.20 0.27 0.23 54% 0.10 67% 
6191 15.80 17.20 0.80 4.00 0.50 0.07 1.30 0.31 0.38 0.12 76% 0.49 39% 
6191 17.20 19.30 19.10 90.00 1.30 0.46 20.40 10.92 0.83 0.47 64% 8.18 57% 
6191 19.30 21.00 0.40 3.00 0.10 0.05 0.50 2.21 0.10 - 100% 1.81 100% 
6191 21.00 23.90 1.50 12.00 0.20 0.09 1.70 0.32 0.05 0.15 25% 1.18 21% 
6191 23.90 25.00 1.20 48.00 0.20 0.30 1.40 0.64 0.05 0.15 25% 0.56 53% 
6191 25.00 25.40 4.90 140.00 0.60 0.35 5.50 1.75 0.08 0.52 13% 3.15 36% 
6191 25.40 26.50 1.90 33.00 0.10 0.06 2.00 1.03 0.03 0.07 30% 0.87 54% 
6191 26.50 28.10 1.00 31.00 0.10 0.20 1.10 0.61 0.04 0.06 40% 0.39 61% 
7015 0.00 21.80 NA NA NA NA NA NA NA - - - - 
O
X
ID
A
TIO
N
 ZO
N
E
 
7015 21.80 22.50 2.37 85.00 0.42 0.04 2.79 0.85 0.38 0.04 90% 1.52 36% 
7015 22.50 23.10 NA NA NA NA NA NA NA - - - - 
7015 23.10 24.10 3.24 30.00 3.58 0.06 6.82 1.34 3.08 0.50 86% 1.90 41% 
7015 24.10 25.50 13.68 161.00 21.87 0.09 35.55 1.01 2.82 19.05 13% 12.67 7% 
7015 25.50 26.10 1.19 48.00 3.80 0.24 4.99 0.99 3.42 0.38 90% 0.20 83% 
7015 26.10 28.50 4.04 3.00 1.00 0.15 5.04 1.05 0.91 0.09 91% 2.99 26% 
7015 28.50 29.30 20.52 432.00 0.72 0.62 21.24 18.48 0.28 0.44 39% 2.04 90% 
7015 29.30 31.40 NA NA NA NA NA NA NA - - - - 
7015 31.40 32.70 4.24 35.00 0.53 0.24 4.77 2.69 0.53 - 100% 1.55 63% 
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Section: 24 Location: Perilya Limited Southern Operations Note: % Difference indicates complete or partial oxidation 
DDH ID Depth Interval Pb (%) Ag (ppm) Zn (%) Cu (%) PbZn (%) 
PbOxy 
(%) 
ZnOxy 
(%) 
Difference (%) 
(Zn - ZnOxy) 
Difference (%)                                
(Zn%-OxZn)/Zn% 
Difference (%) 
(Pb - PbOxy) 
Difference (%)                                
(Pb%-OxPb)/Pb% 
Zone 
6197 0.00 43.20 NA NA NA NA NA NA NA - - - - OXID. 
ZONE 6197 43.20 43.90 10.90 97.00 18.40 0.05 29.30 1.08 2.10 16.30 11% 9.82 10% 
6196 0.00 31.80 NA NA NA NA NA NA NA - - - - O
X
ID
A
TIO
N
 ZO
N
E
 
6196 31.80 33.60 3.90 100.00 3.20 0.06 7.10 1.78 2.36 0.84 74% 2.12 46% 
6196 33.60 34.00 40.00 334.00 0.90 0.14 40.90 17.50 3.87 2.97 100% 22.50 44% 
6196 34.00 35.40 NA NA NA NA NA NA NA - - - - 
6196 35.40 37.00 9.40 105.00 0.40 0.10 9.80 6.70 0.22 0.18 55% 2.70 71% 
6196 37.00 40.80 NA NA NA NA NA NA NA - - - - 
6196 40.80 41.90 9.10 172.00 8.80 0.28 17.90 6.57 6.03 2.77 69% 2.53 72% 
6626 0.00 19.80 NA NA NA NA NA NA NA - - - - 
  
 
Section: 26 Location: Perilya Limited Southern Operations Note: % Difference indicates complete or partial oxidation 
DDH ID Depth Interval Pb (%) Ag (ppm) Zn (%) Cu (%) PbZn (%) 
PbOxy 
(%) 
ZnOxy 
(%) 
Difference (%) 
(Zn - ZnOxy) 
Difference (%)                                
(Zn%-OxZn)/Zn% 
Difference (%) 
(Pb - PbOxy) 
Difference (%)                                
(Pb%-OxPb)/Pb% Zone 
6201 0.00 23.90 NA NA NA NA NA NA NA - - - - 
 
6734 0.00 25.00 NA NA NA NA NA NA NA - - - - 
 
6219 0.00 29.00 NA NA NA NA NA NA NA - - - - O
X
ID
A
TIO
N
 ZO
N
E
 
6219 29.00 30.80 0.00 2.00 0.10 0.02 0.10 0.04 0.08 0.02 80% 0.04 100% 
6219 30.80 35.90 NA NA NA NA NA NA NA - - - - 
6219 35.90 38.20 2.40 41.00 1.90 0.26 4.30 0.73 0.27 1.63 14% 1.67 30% 
6219 38.20 40.30 1.70 28.00 1.60 0.18 3.30 0.41 0.13 1.47 8% 1.29 24% 
6219 40.30 43.10 NA NA NA NA NA NA NA - - - - 
6219 43.10 43.50 0.10 22.00 0.20 0.35 0.30 0.04 0.07 0.13 35% 0.06 40% 
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6.4 Appendix D: XRF Results of Field Samples 
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(wt %) 2 Lens Samples – Major Elemental 
Oxides 
B Lode Samples – Major Elemental Oxides 
MgO 3.0 0.0 1.9 4.2 0.0 5.2 1.6 1.2 0.0 0.0 0.0 0.0 
 4.4 2.2 3.7 1.7 5.1 3.7 6.0 8.1 9.9 4.7 5.7 2.6 
 0.5 0.8 0.6 0.9 0.5 0.9 0.5 0.4 0.3 0.6 0.6 0.1 
 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.4 0.1 0.2 0.1 0.0 
S  7.5 5.7 4.2 5.4 6.6 14.9 4.6 3.7 3.5 12.9 13.2 14.8 
 0.0 0.0 0.4 0.0 0.6 0.0 0.5 0.3 0.2 0.0 0.0 0.1 
CaO 1.0 1.4 2.9 3.3 4.9 0.0 0.7 1.5 0.3 1.3 0.2 0.0 
 0.0 0.6 0.3 0.0 0.1 0.0 0.1 0.1 0.1 0.0 0.0 0.0 
MnO 0.6 5.5 2.6 6.7 1.4 0.3 0.2 0.8 0.4 0.3 1.1 0.1 
 5.1 13.4 8.3 12.0 4.5 1.7 8.6 4.3 5.1 7.4 10.4 9.0 
Total 22.4 29.8 25.0 34.6 23.8 27.0 23.0 20.7 19.8 27.4 31.2 27.6 
(ppm) 2 Lens Samples – Trace Elements B Lode Samples – Trace Elements 
As 5626 7430 1135 0 0 12668 0 1002 298 0 0 0 
Pb 151302 170631 73457 20061 88259 243946 67851 33763 19894 52265 33396 11648 
Fe 35842 93641 57778 84238 31498 11981 59960 29924 36002 51792 72504 63154 
Cu 2568 5341 2554 2613 1200 275 7185 2593 631 1044 0 409 
Al 2855 4354 3243 4982 2429 4789 2615 1995 1756 2933 3143 5076 
K 0 0 2957 398 5175 0 4479 2689 1359 380 0 1032 
Si 20520 10292 17487 8055 23736 17500 27912 37868 46156 21761 26480 12265 
S 30035 22749 16778 21794 26319 59587 18378 14973 13825 51781 52852 59103 
Cl 1546 1339 1514 378 656 1423 585 1191 1109 626 509 525 
Ca 7162 10017 20486 23219 34875 0 4687 10510 2106 9160 1409 0 
Ti 0 3295 1510 173 500 0 485 691 545 0 0 0 
V 75 0 114 0 100 150 20 312 112 90 0 0 
Cr 0 141 0 169 0 0 0 92 0 0 228 187 
Mn 4769 42496 20021 51800 10569 2112 1624 5859 2855 2429 8186 633 
Zn 6805 8122 81350 229731 28968 6243 12077 17597 27303 142693 142440 269762 
Mo 0 55 452 912 0 0 0 0 8 0 0 0 
Pd 59 44 24 12 18 70 0 35 0 15 0 0 
Ag 121 92 86 22 108 271 125 84 16 87 71 24 
Cd 84 106 266 1154 114 267 405 187 74 398 411 655 
Sn 131 119 54 0 60 261 44 69 0 66 55 37 
Sb 107 201 76 0 326 134 56 94 0 139 0 58 
Ba 142 0 290 0 275 0 258 478 290 211 238 179 
W 985 1706 0 0 802 0 863 0 0 0 0 0 
Th 0 0 0 0 0 0 0 0 53 0 0 0 
U 0 0 0 0 0 0 0 0 0 0 0 0 
Sc 0 69 112 128 0 0 27 42 0 47 0 0 
Te 1169 1168 504 95 0 0 426 209 0 266 181 0 
Sc 485 496 248 43 0 0 195 115 0 138 126 0 
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6.3 Appendix E: Photomicrographs 
 
Section: 16 Sample ID No.: 8394_GOS_35.3 
A B 
C  D 
A – Anhedral/isometric galena (GAL) showing evidence of convex colloform (cusps) embayment in association with massive granular 
(milky white) cerussite (CER), with the mobilisation of late stage botryoidal chalcocite (CHA) (mobilised anhedral polycrystalline 
colloidal aggregates) between pre-existing grain boundaries of galena (indicative of several oxidation stages within the gossan/CCZ). 
B – Anhedral/isometric galena (GAL) showing evidence of convex colloform embayment (cusps), with the mobilisation of botryoidal 
chalcocite (CHA) between exposed galena and surrounding metamorphic quartz grain boundaries/cavities. 
C – Anhedral/isometric galena (GAL) showing evidence of convex colloform embayment (cusps), with the mobilisation of botryoidal 
chalcocite (CHA) between exposed galena and surrounding metamorphic quartz grain boundaries/cavities. 
D – Botryoidal chalcocite (CHA) showing several growth stages of drusy/encrustations of anhedral polycrystalline aggregates along a 
pre-existing cavity (pores) formed from the meteoric weathering and oxidation of exposed euhedral galena (GAL) cleavages/grain 
boundaries. 
GAL 
GAL 
QTZ 
GAL 
CHA 
GAL 
CHA 
CHA 
QTZ 
QTZ 
CHA 
CER 
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Section: 16 Sample ID No.: 8394_GOS_35.5 
A B 
C  D 
A – Medium grained anhedral chalcopyrite (CHP) (strong brassy yellow anisotropism) with xenomorphic rims (embayment’s) showing 
evidence of a two-phase oxidation cycle, noted via the localised post-depositional and re-equilibrium of polycrystalline chalcocite 
(CHA) in cavities (pores) formed from meteoric weathering/oxidation within a quartz-rich (QTZ) matrix. 
B – Medium grained anhedral chalcopyrite (CHP) with xenomorphic rims (embayment’s) showing evidence of several oxidation 
stages, noted via localised post-depositional and re-equilibrium of polycrystalline chalcocite (CHA) in cavities (pores) formed from 
meteoric weathering/oxidation within a quartz-rich (QTZ) matrix. 
C – Medium grained granular/anhedral sphalerite (SPH) grains (reddish brown internal reflectance) within a quartz-rich (QTZ) matrix, 
surrounded locally by an unknown mineral (UNK) possibly iron oxide stained cerussite. 
D – Medium grained granular/anhedral sphalerite (SPH) masses showing partial replacement (alteration) by reniform smithsonite 
(indigenous) (SMT), adjacent to coarse grained anhedral pyrrhotite (PYH) and crystalline quartz (QTZ). 
CHA 
CHP 
CHA 
CHP 
QTZ QTZ 
SPH 
SPH 
SMT QTZ 
QTZ 
UNK 
PYH 
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Section: 16 Sample ID No.: 8394_MIN_56.5 
A B 
C  D 
A – Fine to medium grained anhedral sphalerite (SPH) partitioned/associated with isometric/subhedral galena (GAL), showing no 
evidence of oxidation/replacement minerals within a quartz-rich (QTZ) matrix (atypical of Broken Hill-type hypogene ore). 
B – Coarse grained isometric/anhedral galena (GAL) containing blebs (xenomorphic) of fine grained anhedral sphalerite (SPH) (in a 
blebby breccia matrix), showing no evidence of oxidation or replacement minerals (hypogene ore). 
C – Coarse grained isometric/anhedral galena (GAL) containing blebs (xenomorphic) of fine grained anhedral sphalerite (SPH) (in a 
blebby breccia matrix), showing no evidence of oxidation or replacement minerals. 
D – Medium to coarse grained anhedral sphalerite (isotropic) (SPH) masses (homogenous) showing late stage deformation (i.e. 
fractures with an absence of iron oxide coatings) and mineral replacement (druzy quartz) in a quartz-rich (QTZ) matrix. 
SPH 
GAL 
GAL 
SPH SPH 
GAL 
QTZ 
QTZ 
 SPH 
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Section: 16 Sample ID No.: 8394_MIN_86 
A B  
 
 
 
 
 
 
 
NO PICTURE 
C  
 
 
 
 
 
 
 
NO PICTURE 
D 
 
 
 
 
 
 
 
NO PICTURE 
A – Coarse grained anhedral/xenomorphic sphalerite (isotropic) (SPH) mass (granular) showing no evidence of oxidation or 
replacement minerals in a predominately quartz-rich (QTZ) matrix (atypical of hypogene ore). 
B – NO PICTURE 
C – NO PICTURE 
D – NO PICTURE 
 
 
 
 
SPH 
QTZ 
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Section: 16 Sample ID No.: 8392_GOS_17.2 
A B 
C  D 
A – Sub-rounded/subhedral crystallographic zincite (ZNC) showing perfect cleavage, formed from the complete oxidation of 
sphalerite. Adjacent euhedral/isometric galena (GAL) shows extensive colloform (cusps) embayment and cerussite (CER) replacement 
(two-phase oxidation sequence), with areas of low relief adjacent to zincite noted as being massive massicot (MAS) cavity filling (late 
stage oxidation of possible anglesite).  
B – Coarse grained anhedral (partially skeletal) galena (GAL) showing evidence of convex embayment (cusps) in association with local 
massive granular cerussite (CER) enveloping crystalline (medium grained) quartz (QTZ) (± limonitic precipitates along pre-existing 
grain boundaries). 
C – Massive/granular anhedral anglesite (ANG) showing several oxidation stages, adjacent to late stage deformation (i.e. limonite 
coated fractures) with minor polycrystalline chalcocite (CHA) (pores) formed from the mobilisation of supergene fluids along 
permeable planes. 
D – Coarse to medium grained anhedral galena (GAL) showing minor granular (fine grained) anglesite (ANG) along exposed cleavages, 
with adjacent cavities/grain boundaries (low relief areas) infilled with late stage massive massicot (MAS). Additional associate 
minerals including fine grained (xenomorphic) anhedral sphalerite (SPH) has also been noted.  
 
GAL 
ZNC 
CER 
MAS 
CER 
GAL 
QTZ 
ANG 
CHA 
GAL 
MAS 
SPH 
ANG 
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Section: 16 Sample ID No.: 8392_PEG_22.5 
A B 
C  D 
A – Late stage deformation (i.e. fracturing) containing abundant massive (fine grained aggregates) goethite (GOE) intergrown with 
reniform hematite (HEM), surrounded by an abundant matrix of mica (MUS), feldspar and quartz. 
B – Late stage deformation (i.e. fracturing) containing abundant massive (fine grained aggregates) goethite (GOE) intergrown with 
reniform hematite (HEM) and surrounded by an acicular sillimanite-rich (~ 0.08 mm long crystals) (SIL) matrix. 
C – Fine to medium grained, weakly foliated, porphyroblastic pegmatite showing poorly aligned muscovite laths (high birefringence) 
adjacent to euhedral (porphyroblasts 2 – 3 mm in size) spessartine (SPS) (confirmed by XRD).  
D – Fine to medium grain, weakly foliated, porphyroblastic pegmatite showing poorly aligned muscovite laths (high birefringence), 
massive/granular orthoclase (ORT) and euhedral (porphyroblasts ~1 mm in size) spessartine (SPS) (confirmed by XRD). 
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Section: 16 Sample ID No.: 6118A_MIN_71.1 
A B 
C  
 
 
 
 
 
 
 
NO PICTURE 
D 
 
 
 
 
 
 
 
 
NO PICTURE 
A – Medium grained anhedral galena (GAL) containing blebs (xenomorphic) of fine grain granular/anhedral sphalerite (SPH) (in a 
blebby breccia matrix), showing no evidence of oxidation or replacement minerals between contact boundaries (hypogene ore). 
B – Medium grained anhedral galena (GAL) containing blebs (xenomorphic) of fine grain granular/anhedral sphalerite (SPH) (in a 
blebby breccia matrix) and anhedral chalcopyrite (CHP), all of which show no evidence of oxidation or replacement minerals (i.e. 
chalcocite) between contact boundaries (hypogene ore). 
C – NO PICTURE 
D – NO PICTURE 
 
 
 
 
SPH GAL GAL 
CHP 
SPH 
136 
 
Section: 18 Sample ID No.: 6635_PEG_17.5 
A B 
C  
 
 
 
 
 
 
 
NO PICTURE 
D 
 
 
 
 
 
 
 
NO PICTURE 
A – Late stage deformation (i.e. fracturing) containing an abundance of reniform hematite (HEM) within a dominant matrix of coarse 
grained crystalline quartz (QTZ), biotite (BIO)/muscovite laths and massive/granular orthoclase. 
B – Late stage deformation (i.e. fracturing) containing an abundance of reniform hematite (HEM). 
C – NO PICTURE 
D – NO PICTURE 
 
 
 
  
HEM 
QTZ 
HEM 
BIO 
137 
 
Section: 18 Sample ID No.: 6635_MIN_63.5 
A B 
C  D 
 
 
 
 
 
 
 
NO PICTURE 
A – Coarse grained granular/anhedral sphalerite (SPH) mass containing blebs of (xenomorphic) medium grained granular/anhedral 
galena (GAL) and fine grain (~0.5 mm)anhedral chalcopyrite (CHP) in a blebby breccia matrix, all of which show no evidence of 
oxidation or replacement minerals (i.e. chalcocite) between contact boundaries (hypogene ore). 
B – Coarse grained granular/anhedral sphalerite (SPH) mass containing blebs of (xenomorphic) medium grained granular/anhedral 
galena (GAL), fine grained (~0.5 mm)anhedral chalcopyrite (CHP) and pyrrhotite (PYH) in a blebby breccia matrix, all of which show 
no evidence of oxidation or replacement minerals (i.e. chalcocite) between contact boundaries (hypogene ore). 
C – Coarse grained granular/anhedral sphalerite (SPH) mass containing minor blebs (~ 0.2 mm) of fine grained anhedral chalcopyrite 
(CHP) which envelope crystalline (finely coarse grained) quartz (QTZ). 
D – NO PICTURE 
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Section: 20 Sample ID No.: 6170_LEE_24.7 
A B 
C D 
A – Brecciated/fractured quartz (QTZ) infilled with amorphous/exotic goethite (GOE). 
B – Brecciated/fractured quartz (QTZ) infilled with amorphous/exotic goethite (GOE). 
C – Brecciated/fractured quartz (QTZ) infilled with botryoidal exotic limonite (LIM) adjacent to possible granular anglesite (ANG). 
D – Brecciated/fractured quartz (QTZ) infilled with amorphous/exotic goethite (GOE) ribbing, with additional late stage deformation 
(i.e. fracture) cross-cutting earlier limonitic precipitates. 
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Section: 20 Sample ID No.: 7099_MIN_66.0 
A B 
C  D 
 
 
 
 
 
 
 
 
NO PICTURE 
A – Coarse grained granular/anhedral sphalerite (SPH) mass containing blebs of medium grained anhedral galena (GAL), fine grained 
(~0.5 mm) anhedral (xenomorphic) chalcopyrite (CHP) and pyrrhotite (PYH) in a blebby breccia matrix, all of which shows no 
evidence of oxidation or replacement minerals (i.e. chalcocite) between contact boundaries (hypogene ore). 
B – Coarse grained granular/anhedral sphalerite (SPH) mass containing blebs of medium grained anhedral galena (GAL), fine grained 
(~0.5 mm) anhedral (xenomorphic) chalcopyrite (CHP) and pyrrhotite (PYH) in a blebby breccia matrix, all of which shows no 
evidence of oxidation or replacement minerals (i.e. chalcocite) between contact boundaries (hypogene ore). 
C – Coarse grained granular/anhedral sphalerite (SPH) mass containing blebs of medium grained anhedral galena (GAL), fine grained 
(~0.5 mm) anhedral (xenomorphic) chalcopyrite (CHP) and pyrrhotite (PYH) in a blebby breccia matrix, all of which shows no 
evidence of oxidation or replacement minerals (i.e. chalcocite) between contact boundaries (hypogene ore). 
D – NO PICTURE 
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Section: 22 Sample ID No.: 7015_LEE_MIN_28.8 
A B 
C  D 
A – Minor abundances of malachite (MAL) (microscopic crystals ~0.3 mm) showing distinctive re-entrant twinning and basal 
cleavages, surrounded by massive granular cerussite (CER). 
B – Massive granular cerussite (CER) showing evidence of malachite staining surrounded by anhedral to subhedral granular anglesite 
(ANG) indicating a multi-phase oxidation history of galena kernels. 
C – Fine grained (~ 0.2 mm) anhedral/skeletal galena (GAL) displaying extensive convex embayment (cusps) surrounded by massive 
granular cerussite (CER) (± iron oxide i.e. limonitic staining) and minor reniform hematite (HEM) (all of which suggests a late multi-
stage oxidation history). 
D – Medium grain subhedral galena (GAL) (partially skeletal in some areas) showing an extensive cross-cutting relationship with 
massive granular cerussite (CER) along pre-existing grain boundaries and exposed cleavage planes. 
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Section: 22 Sample ID No.: 7015_L_36.2 
A B 
C  D 
A – Botryoidal (hemispherical/colloform groupings) smithsonite (SMT) with colloidal particles showing several growth stages both 
along pre-existing crystalline (coarse grained) quartz (QTZ) boundaries and exposed cleavage planes. 
B – Medium grained subhedral (massive/granular) galena (GAL) (perfect cleavage) showing an extensive cross-cutting relationship 
with reticulate/crystalline cerussite (CER) along enlarged grain boundaries during oxidation. 
C – Contact grain boundary between medium to coarse grained anhedral (massive) galena (GAL) and sphalerite (SPH), showing the 
formation minor reniform smithsonite (SMT) along cavities and cleavage planes (permeable pathways). 
D – Euhedral galena (GAL) (perfect cleavage ± minor embayment observed) adjacent to granular/anhedral sphalerite (SPH), showing 
the formation of minor reniform smithsonite (SMT) along cavities and contact boundaries. 
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Section: 22 Sample ID No.: 7015_MIN_107.3 
A B 
C  D 
 
 
 
 
 
 
 
NO PICTURE 
A – Medium grained subhedral galena (GAL) (note perfect cleavage planes) containing blebs (xenomorphic) of medium grained 
granular/anhedral sphalerite (SPH) in a blebby breccia matrix, all of which show no evidence of oxidation or replacement minerals 
between contact boundaries (hypogene ore). 
B – Medium grained anhedral galena (GAL) containing blebs (xenomorphic) of medium grained granular/anhedral sphalerite (SPH) in 
a blebby breccia matrix, all of which show no evidence of oxidation or replacement minerals between contact boundaries (hypogene 
ore). 
C – Medium grained granular/anhedral sphalerite (SPH) in a blebby breccia matrix showing fine grained (~0.2 mm) anhedral 
(xenomorphic) chalcopyrite (CHP), all of which show no evidence of meteoric weathering/oxidation (atypical of hypogene ore). 
D – NO PICTURE 
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Section: 22 Sample ID No.: 6677_MIN_113.5 
A B 
C  
 
 
 
 
 
 
 
NO PICTURE 
D 
 
 
 
 
 
 
 
NO PICTURE 
A – Medium grained anhedral (massive) galena (GAL) showing evidence of convex embayment (cusps), with limonite coating cavities 
(low relief areas) formed from the oxidation and hydrolysis of galena. Associate minerals such as medium grained granular/anhedral 
sphalerite (SPH) have also been noted within the sample. 
B – Medium grain anhedral (massive) galena (GAL) showing evidence of convex embayment (cusps) local to medium grained 
granular/anhedral sphalerite (SPH) (high relief areas). Adjacent cavity (low relief area) noted to be infilled with minor reniform 
smithsonite (SMT) masses. 
C – NO PICTURE 
D – NO PICTURE 
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Section: 24 Sample ID No.: 6626_MIN_56.0 
A  B 
C  D 
A – Medium grained granular/anhedral (xenomorphic) sphalerite (isotropic) (SPH) in a quartz (QTZ) and biotite (BIO) rich matrix. 
Quartz sub-grains show indications of strain, with biotite laths showing a defined orientation (decussate texture) as a result of 
deformation and metamorphism (minimizing internal stress). 
B – Medium grained granular/anhedral (xenomorphic) sphalerite (isotropic) (SPH) in a quartz (QTZ) and biotite (BIO) rich matrix. 
Sphalerite is noted to have been highly deformed (attenuation) showing evidence of uneven fractures.  
C – Medium grained granular/anhedral (xenomorphic) sphalerite (isotropic) (SPH) in a quartz (QTZ) and biotite (BIO) rich matrix. 
Sphalerite is noted to have been highly deformed showing evidence of uneven fractures. 
D – Evidence of sub-parallel orientated biotite (BIO) laths (decussate texture) surrounded by quartz (QTZ). 
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Section: 24 Sample ID No.: 6196_GOS_41.2 
A  B 
C  D 
A – Botryoidal malachite (MAL) showing several growth stages surrounded by possible late stage granular/massive cerussite (CER), 
cuprite and goethite development.  
B – Botryoidal chrysocolla (CHY) showing several growth stages surrounded by botryoidal/reniform smithsonite (SMT) (sub-
transparent) and late stage goethite/cuprite development along colloform extents. 
C – Anhedral galena (GAL) showing reticulate cerussite (CER) overgrowths both along existing grain boundaries and exposed cleavage 
planes, with late goethite/limonite development forming along grain boundaries. 
D – Botryoidal smithsonite (SMT) (sub-transparent to translucent) showing late stage goethite development along colloform extents. 
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Section: 24 Sample ID No.: 6196_L_91.9 
A  B 
C  
 
 
 
 
 
 
 
NO PICTURE 
D 
 
 
 
 
 
 
 
NO PICTURE 
A – Acicular willemite (WIL) forming adjacent to anhedral sphalerite (SPH), with possibly additional wurtzite (WUR) crystals 
(brown/red) forming on sphalerite grains. 
B – Anhedral sphalerite (SPH) with possibly additional wurtzite (WUR) crystals (brown/red) forming on sphalerite grains. 
C – NO PICTURE 
D – NO PICTURE 
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Section: 24 Sample ID No.: 6197_PS_37.1 
A  B 
C  D 
 
 
 
 
 
 
 
NO PICTURE 
A – Resistant fine to medium grained quartz (QTZ) surrounded by late stage deformation (i.e. interlocking fractures) and limonitic 
precipitation including slightly tabular hematite (HEM) and radial goethite (GOE). 
B – Quartz-feldspar-biotite dominant matrix showing late stage deformation (i.e. interlocking fractures (note: yellow arrows)) with 
the development of slightly tabular hematite and radial goethite (GOE) along preferential joint planes (vertically trending fractures). 
C – Quartz-feldspar-biotite dominant matrix showing late stage deformation (i.e. interlocking fractures (note: yellow arrows)) with 
the development of slightly tabular hematite and radial goethite (GOE) along preferential joint planes (vertically trending fractures). 
D – NO PICTURE 
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Section: 26 Sample ID No.: 6201_GOS_31.3 
A  B 
C  
 
 
 
 
 
 
 
NO PICTURE 
D 
 
 
 
 
 
 
 
NO PICTURE 
  
A – Reniform anglesite (ANG) forming the ribbing in a boxwork structure, showing adjacent voids/cavities (CAV) which may have 
previously hosted galena kernels. 
B – Reniform anglesite (ANG) forming the ribbing in a boxwork structure, showing adjacent voids/cavities (CAV) which may have 
previously hosted galena kernels. 
C – NO PICTURE 
D – NO PICTURE 
 
 
 
 
ANG 
ANG CAV 
CAV 
149 
 
Section: 26 Sample ID No.: 6201_PM_60.5 
A  B 
C  D 
 
 
 
 
 
 
 
NO PICTURE 
A – Fine grained anhedral chalcopyrite (CHP) with xenomorphic rims (embayment’s) evident of a two-phase oxidation sequence, 
noted via the localised post-depositional/re-equilibrium of polycrystalline chalcocite (CHA) preferentially along cavities (pores) and 
fractures formed from vadose circulation, oxidation and earlier deformation. 
B – Fine grained anhedral chalcopyrite (CHP) with xenomorphic rims (embayment’s) evident of a two-phase oxidation sequence, 
noted via the localised post-depositional/re-equilibrium of polycrystalline chalcocite (CHA) preferentially along cavities (pores) and 
fractures formed from vadose circulation, oxidation and earlier deformation. 
C – Polycrystalline chalcocite (CHA) located along cavities (pores) and fractures formed from both vadose circulation/oxidation and 
earlier deformation within a crystalline (fine to medium grain) quartz-rich (QTZ) matrix. 
D – NO PICTURE 
 
 
QTZ QTZ 
QTZ 
CHA 
CHA 
CHA 
CHP 
CHP 
